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MESSAGE FROM 
the President 


The information and communi 


technologies (ICT) sector is a dynamic 
environment in which to operate. Thi 
important sector of the economy is being 


fuelled by consumers’ embrace of the Inter 


and their demand for voice, video and data 


over a multitude of platforms and devices 


Delivery of feature-rich service, anytime and 
anywhere, is putting unprecedented demand 
on bandwidth of core and access networks 
Furthermore, broadband access is not yet a 


reality for many rural and remote ns of 


Canada, making “last mile” access an issue of 
particular interest to this vast country 


In addition to bandwidth, other connectivit 
challenges for CRC include security of ICT 
networks, and the development of next 
generation applications and technologies 
on behalf of our clients, and in response to 


consumer demand 


CRC is well positioned to address these 


challenges, with expertise in broadcasting 


and interactive multimedia, communication 
networks, photonics, radio fundamentals and 
wireless, along with test beds to study solutions 
and applications. With capabilities at the 


cuttin, 


ge of ICT, CRC is strategically poised 
to ensure its R&D supports the direction of 


government and the Canadian industry 
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It has been another successful year applying CR 
competencies to meet clients’ needs, as illustrated 
n this document. Noteworthy achievements and 


awards include 


Our present: 


tion to the House of Commons 


Standing Committee on Canadian Heritag 


the impact of new broadcasting technolc 


as part of the Committee's investigation into 


the role of a public broadcaster in the 21st 
century. We were also active in the New Media 
Committee of the Canadian Radio-television 


and Telecommunications Commission 


demonstration, in partnership 


DSO Natio: 


al Laboratories of Si 


world’s lest software defined r 


compliant with the Software Communications 


Architecture 


A) specification. This initiative 
makes SCA applicable to many more products 
within the vehicular, robotics, and consumer 


industri 


The launch of CRC’s free online service to 


calculate radio frequency coverage so users 


ize coverage and 


are better equipped to optin 
reduce implementation costs as they plan and 


design broadcast systems. 


The official opening of CRC’s Photonic 
Laboratory and its Research in Advanced 
Antenna Technology Laboratory (RAATLab). 


Receipt of awards honouring CRC’s technology 
transfer and commercialization track record 
including recognition of the developers of 
Search and Rescue Satellite-Aided Tracking 


SAT); receipt of an innovation award a 


tner in the Agile All-Photonic Networks 
shlight 


1 pa 
(AAPN) Research Network; and ah 


f 2007-2008, CRC's induction into the 


‘elecommunications Hall of Fame 
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The wireless wave is whetting the 
developed world’s appetite for data 
(Internet), video and voice over a single 
network connection, and generating 
fresh possibilities in regions of the world lacking wired 
infrastructure. But hurdles remain in fully capitalizing 
on the 
coexistence, security and standards. There is also a 
need for continued long-term research, CRC is active 
on all fronts. In 07-08: 


tential of wireless technologies, including 


eo CRC was a major player in the development of 
standard IEEE 802.16h (Institute of Electrical 
and Electronics Engineers) for the coexistence of 
WiMAX systems, which currently cannot coexist 
because systems do not sense each other and 
produce interference as a result. The standard 
incorporates cognitive radio capabilities that allow 
systems to communicate and negotiate. Once 
adopted, WiMAX systems will be able to coexist 
Work on the standard gave guidance to cognitive 
radio development with India’s Centre for 
Development of Telematics (CDOT). 


oe CRC's WISELAB began its 
investigation of mobile 
wireless convergence: 
continuous and seamless 
wireless connectivity — ona 
single mobile apparatus — over 
multiple wireless technologies 
(ie, Wi-Fi, WiMAX, HSPA, 
Edge, legacy cellular). With multi- 
technology capability, a secure communication 
session should be seamlessly maintained as a 
user moves from one technology to another. 
In the current reality, however, there is only 
limited support for such a desirable feature, and 
it is usually while operating on a single service 
provider's network. Asa user roams from one 
carrier or service provider to another, security is 
not maintained and communications are most 
often dropped. 


© CRC's three-year project with DRDC, to expand 
existing capacity related to silicon radio frequency 
integrated circuits (RFIC), came to a successful 
conclusion with the design, fabrication (at a 
commercial lab), simulation and verification of 
both linear and non-linear RFICs. When combined 
with traditional monolithic microwave integrated 
circuit (MMIC) design, silicon RFICs provide 
the widest possible range of circuit options to 
maximize performance. > 


Radio 


FUNDAMENTALS 


Radio spectrum is a finite resource 

which forms the foundation of 
telecommunications and the ICT 
sector of the economy. The demands 
on this global resource have never 
been greater, with efforts to enhance existing services, 
explore higher frequency applications, and exploit 
“white space” left unused in radio frequency (RF) 
bands. All pose technical and regulatory issues to 
which CRC responds, by providing Industry Canada 
with the research required in support of its spectrum 
management mandate. 


o The RCMP regularly calls on radio inspectors from 
Industry Canada for radio spectrum monitoring 
during high-profile events including, in 2007, 
the Security and Prosperity Partnership Summit 
in Montebello, Quebec. Radio inspectors trust 
CRC’s Spectrum Explorer to provide reliable radio 
surveillance. Communication among emergency 
response units, for example, cannot be compromised. 


Broadcasting & : ; 
INTERACTIVE Multimedia, 


With broadcasting’s evolution from 
analogue to digital and beyond, combined 
with video's expansion to cell phones and 
the Internet, CRC’s expertise in broadcasting 
and interactive multimedia is in demand. 
That expertise is supporting regulators as they 
respond to change, and broadcasters and manufactures as 
they innovate. Through it all, CRC know-how is ensuring 
consumers get quality of service. In 07-08: 


© The broadcast industry began implementing ITU-R 
Recommendation 1770 — the loudness meter developed 
by a CRC audio researcher. The industry is adopting the 
loudness meter to ensure programming is broadcast at a 
uniform sound level 


e CRC hosted a Video Quality Experts Group (VQEG) 
meeting where international researchers continued their 
efforts to establish objective video quality tests. CRC also 
continued its contribution to the Advanced Television 
Systems Committee (ATSC) which sets North American 
TV standards, 


© Considerable improvements were made to the 
algorithms to convert two dimensional television 
programming to three dimensional. While a 3-D home 
experience is currently possible with glasses, 3-D video 
materials and programs are limited. The conversion of 
existing 2-D video to 3-D is essential to develop a 3-D 
video market 
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Further development of Spectrum Explorer software 
increased its frequency coverage from 20 MHz to 3 
GHz and improved its accuracy for direction-finding 
These enhancements have enabled CRC to work 
with Industry Canada on the evaluation of spectrum 
monitoring technologies, including direction finding 
capabilities, for the Vancouver 2010 Olympics 


CRC has made significant contributions to 

the International Telecommunication Union, 
Radiocommunication Sector (ITU-R) on the 
propagation basis for the development of interference 
criteria between satellite and terrestrial services, 
especially at higher frequencies 


CRC was also tasked by Industry Canada’s Spectrum 
Engineering Branch (DGSE) to study sharing between 
terrestrial-fixed systems and satellite systems in the 
2.5 to 2.7 GHz band. Results not only met DGSE’s 
needs, they were shared with the wider community at 
the 2007 World Radiocommunication Conference. » 


Clients contracted with CRC to resolve technical 
dilemmas arising with the evolution from analogue to 
digital, to HDTV and 3-DTV, and with the availability 
of video over new applications such as cell phones, 
WiMAX and IPTY., 


CRC evaluated mobile/handheld (M/H) systems that will 
define the North American standard set by the ATSC. 

In countries offering digital TV via M/H, the service is 
delivered over a portion of the terrestrial TV band, the 
robustness of which has been enhanced. M/H, which 
can deliver local content, could be a service similar to 
traditional terrestrial television: 


Researchers studied video compression technologies 
and their impact on quality at different bandwidths. To 
avoid distortion of moving subjects, CRC researchers 
estimate the motion of every pixel between two known 
images, and develop algorithms to compensate for the 
differences. This work will help advance ITU and ISO 
standards, and is of interest to industry as well 


CRC conducted rigorous laboratory testing of FM-IBOC, 
the hybrid radio technology being adopted in the U.S 
The results of this work are relevant to the regulator, 
SITT, in bilateral discussions with its U.S. counterpart 
regarding the rollout of hybrid radio in regions close 

to the Canada-U.S. border. Similarly, CRC’s report will 
provide Canada’s radio industry with necessary technical 
information for its consideration of hybrid radio. + 
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Photonics 


CRC’s optoelectronics and photonics 
research program develops components 
which increase the capacity, versatility 
and performance of fibre optic broadband 
networks — an enabling technology for 
many sectors, including telecommunications. In 07-08, 
CRC officially opened its new Photonics Laboratory 
and equipment essential to CRC’s research program 
continues to be installed. The resulting research: 


o Aimed to further exploit the photosensitivity of 
optical fibres, by using a Femtosecond laser to apply 
ultra-short, ultra-powerful pulses to fibre material, 
thereby producing localized changes 


© Focused on fibres other than glass, such as sapphire, 
which can withstand temperatures of up to 2000° C 
This makes it ideal for sensor applications. Ongoing 
collaborations continue to test the capabilities, but 
already, scientific publications are capturing the 
interest of the avionics and space industries, among 
others. 


Capitalized on the characteristics of semiconductor 
compounds to develop and test semiconductor optical 
switches that increase both speed and reliability, 
thereby allowing rapid reconfiguration of networks. 


Studied selective area growth using crystals, hence 
eliminating some of the photolithography and etching 
processes, and producing precise growth patterns 
measuring merely several microns 


Probed the potential of planar light wave circuits, 
which could conceivably compete with fibre optics, 
given they can be grown and etched en masse. 


Investigated integrated micro structures, which consist 
of a series of channels. Liquids can be routed through 
these hollow tubes, enabling switching applications in 
communications, and lab-on-a-chip applications for 
medical and environmental purposes. > 
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COMMUNICATION 


Networks 


From its early involvement in ARPANET, ith international partner 
the precursor of the Internet, to the recent oftwar 

development of User Controlled Lightpaths 
(UCLP) software, C 
extend the possibilities of communications 

networks to the benefit of all sectors. Highlights 

of 07-08 include CRC collaboration with DND to oes 
investigate capabilities and challenges related to their 
communications network needs. 


RC continues to 


[his fundamentally changes the management ar 


© Capabilities include the investigation of next- then 
generation mobile wireless communication b 
technology to provide increased throughput and 
enhanced tactical IP networking between battle 
group units. Efforts have resulted in a new multi- 
user channel access protocol known as MATRIQS 
Multiple Access for Tactical Radios with Integrated 
Quality of Service. MATRIQS has been designed to 
exploit the capabilities of high-data rate modems, 
and support the concurrent transmission of voice 
and data. A prototype has been implemented for 
proof-of-concept and demonstrations have been 
provided to military clients. 


lev ith and quality 
uppli ti n transfer lar; 
tributed 


\pplication 


© Challenges include security in mobile ad-hoc 
networks (MANET). Wireless ad hoc networks 
are particularly vulnerable due to the nature of 


wireless links, changing topology, and the lack of project added th 
centralized monitoring and management. One UPI mic provisioning of 
serious attack, and the subject of CRC research, multi mains, and 


is called the wormhole. An intruder node records 
packets from one network location and tunnels rae 
them to a colluding node, which retransmits 

them to a different area of the network, thereby 
creating the illusion that distant nodes are actually — 
neighbours. Even network communication secured : 
with authentication and confidentiality is vulnerable, of other produ 


york abilitie: 
since an attack can be executed without knowledge I 
of cryptographic keys. utes 


ind int their own mediz i 


ib II projects are adoptit 


CRC researchers have developed different detection 
techniques to defend against wormhole attacks 


in also support real time 


Techniques typically use geographical (GPS) and 
temporal information (timestamp) attached to 
control packets sent over the network to signal 
parametric discrepancies between the content of 
a message and the indicators accompanying it 
Researchers have run successful laboratory tests 
on these solutions in CRC’s test bed, which offers 
distinct advantages over computer simulation 
testing available from other facilities 
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CRC's international involvement ranges 
from S&T agreements and arrangements 
coordinated through the Department of 
Foreign Affairs and International Trade 
Canada, to memoranda of understanding with foreign 
counterparts in pursuit of common purposes. In 07- 
08, CRC collaborated with a number of international 
partners, including 


© India's Centre for Development of Telematics 
(CDOT), in the construction of a WiMAX-based 
cognitive radio network system in India. Under 
CRC guidance, a basic WiMAX radio system, 
including test hubs, was installed. There is 
worldwide interest in this technology, which will 
operate as the world’s first license exempt cognitive 
radio system (based on the IEEE 802.16h standard) 
working in the 2.4 GHz band 


© Researchers from National Taiwan University, in 
the development of a custom 60 GHz RF integrated 
circuit for sensor network communications. 
Together, researchers addressed the challenges 
posed by packaging a minute antenna into 
ceramic containing the front end circuitry. The 60 
GHz band, for industrial, medical and scientific 
applications (the IMS band), will accommodate 
considerable throughputs, and CRC’s research will 
facilitate future applications in this band. 


© Camara Nacional de la Industria de Radio y 
Télevision (CIRT) of Mexico, in the evaluation of 
new radio broadcasting systems. Insight gained 
through the collaboration will shape CRC’s input to 
both Industry Canada and the broadcast engineering 
community, and enhance CRC-COVLAB software 
and technical documentation. 


© The Telecommunications Research Institute (ETRI) 
of Korea, in the area of 3-D video. 


CRC also participates in international standards bodies to 
promote harmonization, ensure international standards 
reflect Canada's socioeconomic needs, and see that Canadian 
standards are compatible with those of other countries. CRC 
efforts in 07-08 advanced 


e IEEE standard 802.16h for the coexistence of WiMAX 
systems 


© IEEE standard 802.22 for Wireless Regional Area 
Network (WRAN). A CRC researcher serves as 
vice-chair of the 802.22 working group. 


© ITU-R Study Group 4, the mandate of which was 
broadened in 07-08 to include all satellite services, 
not only fixed services. The study group is chaired by a 
CRC representative 


Also on the international front: 


2 CRC participated in the SDR Forum in an effort to 
standardize the software communications architecture 
specification and application interfaces, to create a world 
market around the concept of software defined radio. 
The team provided training courses on SDR technology 
and expanded its cooperation with international 
government organizations such as De 
Organization (Singapore), Forschungsgesellschaft fur 
Angewandte Naturwissenschaften (Germany), Centre 
for Development of Advanced Computing (India) 
and Massachusetts Institute of Technology Research 
Establishment (U.S.). 


ence Science 


As Canada's National Contact Point for ICT, CRC and 
several partners hosted a series of information days to 
build understanding of FP7 within Canada’s ICT research 
community. FP7 is the EU's latest framework for research 
and technological development, and its main instrument 
for funding research in Europe between 2007 and 2013. 
ICT is one of the key research domains under FP7. 
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Applications 


Contributing to the Convergence TECHNOLOGY Transfer 


CRC's unique position in Canada’s communications research of Internet and Broadcast 


community stems from the fact that it is the only national 


CRC is renowned for not only Facilitating communication among emergency at a GLANCE laboratory with critical mass and expertise in the four major . 

generating knowledge, but for response teams is another constructive application of platforms that form the basic transport mechanism for Broadcast's conversion from analogue to In 07-08, CRC engaged in a variety of 
translating it into valuable applications. CRC know-how. In 07-08 aa information’delivery across Canada: terrestrial wireles digital; consumer demand for voice, data technology transfer arrangements including 
Consider SARSAT, an international nae satellite, fibre optics and broadcasting. This allows (Internet) and video (TV) over a single licensing of its intellectual property (IP), 
collaboration spearheaded in Canada © CRC released a new version of the SCARI Software To be the federal government's CRC to pursue research in each platform, and test how device; and technological advancements that contracting-in and collaborative agreements 


support the streaming of high capacity digital 
media to multiple locations are just some of 
the factors feeding the convergence of the 


These are win-win situations, both for CRC and for 
the companies that capitalize on its expertise and IP. 


National Search Suite. Performance enhancing features include 


by CRC, CSA, DND, the 
and Rescue Secretariat (NSS), and industry the fact that software defined radio (SDR) units 


centre of excellence for technologies can work together to form an efficient seamless 


communications network 


partners, SARSAT is credited with the rescue can now be started much faster and require less communications R&D, ensuri 
i a Internet and traditional broadcasting 
of more than 24,000 people worldwide since memory, a huge advantage for small radio sets such an independent source of advice ERC’s research is driven by its strategic priorities, identified o e Along with being the only software capable of 
its 1982 launch. In 07-08 nations continued to as those used for public safety; modeling tools have Remnablle belion Pairpaces: to: through consultation with its Advisory Council and Consider the four platform networks and predicting coverage for all commercial radio formats 
develop the new constellation of search and been improved to support the full spectrum of the E P purposes; principal clients, These include Industry Canada's Spectrum, their original applications: the telephone ~— AM, EM, Digital Audio Broadcast (DAB), Digital 
rescue satellites soon to operate from medium software communications architecture standard support government operations Information Technologies and Telecommunications (SITT) network transmitted voice; the cable Radio Mondial (DRM), and FM-IBOC (hybrid radio) — 
Earth orbit: MEOSAR features; and the tools contain new and unique lelivmnslocelienteimeclected Sector; the Department of National Defence (DND) and its network, television; the computer network, CRC-COVLAB is also used by border officials, police 
features targeted at accelerating the development research arm, Defence Research and Development Canada data; and the cellular network, mobile voice departments and defence forces requiring accurate 
© CRC contributed to the technical analysis cycle and minimizing the memory required to run areas of ICT application such as (DRDC); and the Canadian Space Agency (CSA). To address Today, networks are carrying a mix of voice, coverage prediction. The software comes complete 
and planning at the international level and the generated applications. national defence, public safety and client issues in the longer term and anticipate future direction video, data and mobile voice, and new with training and ongoing technical support. In 07-08, 
at home. Research into the geometric effec eer \ in the ICT sector, CRC also conducts core research ingredients are about to rewrite the recipe for example, CRC provided training to the Toronto 
ofa MEOSAR constellation on distress e CRC initiated development of an SDR-based CT ISTO CR For example police, fire fighting and ambulance service. Similarly, 
beacon location estimation accuracy has prototype capable of bridging terrestrial and to identify and close the innovation Environment Canada officials were trainedon 
commenced, in a project funded by the satellite protocols for emergency management and Ne carat com cation ef Multicasting capabihties were added CRC-COVLITE with their software purchase. 
S, The required theoretical basis and public safety applications. The work is part of a LA ; to,the High\Performance Digital Media 
* 3 7 Network (HPDMnet) as part of the ars rs 
a software tool have been developed to three-year contract with the sector by engaging in industry UCLP ‘This ¢ AG sfficient e Improvements were made to CRC-SEAQ (System for 
investigate performance over a full territory partnerships, building technical © Research Staff-242, plus some 40 students throughout Besa lae Stig eae agi edie the Evaluation of Audio Quality). Since the software's 
— Canada. A report documenting the As Canada exercises its sovereignty in the North, intelligence cupnorine wpallend any Sivonen ; from/a'source to multiple destinations, a initial release 10 years ago, solid sales to an impressive 
algorithms and software was released CRC technology holds promise to provide part of the d 6 ° NumberofactiveJP.licenses worldwide: 459 Key ingredient for broadcasting over the list of international clients confirm that CRC-SEAQ 
solution to this national priority. In 07-08 medium-sized high technology (23 new licenses in 07-08), including ¥ Internet 5 is the sound quality measurement tool in the world, 
© Numerous sets of live 2-channel data were fenterprisesrand workina with °) |) NumbesofactiveslDilicensesin-Ganada20 being used for both subjective and automated 
collected during whole passes of GPS/SAR © CRC continued to work with CSA and industry on : (11 new licenses in 07-08) © CRC has done extensive tests of the objective evaluation of audio quality. The software 
satellites. The resulting time-frequency “dot an extension of the short message service (SMS) other research organizations © Collaborative-and.contracting-in-agreements: | 17 various digital broadcasting systems to is available from CRC and the commercial supplier 
plots” allow for examination of signal traffic concept to provide an automatic identification across Canada. (39 new agreements in 07-08) determine how well they can deliver licenseditorsellit 
(both beacon and non-beacon) in the 406 system (AIS) by satellite for monitoring positions of e  1Pand.contracting-in-revenue:$3.37M video to portable or mobile wireless 
MHz SAR band. ships at sea. DND is very interested in the potential ¢  Patents:16 new patent applications, 15 new patents devices such as cellular phones: e With the rapid growth in digital video formats, there 
of this application, particularly in the waters of issued, 237 active patents and applications protecting is an increased demand for high quality video format 
© Additional efforts included development Northern Canada 98 inventions ea Demonstrating alconcepucaued conversion. To more fully exploit the potential of 
ofa real-time traffic-monitoring package © Media.Coverage:-17 print pieces and 2 TV segments eRe Te It © ue ey now i CRC’s original video frame rate conversion algorithm, 
using CRC’s Spectrum Explorer, © CRC also continued to work with CSA, DND and © Misits:.30 corporate tours, including international diital audio broadcasting (DMB/DAB) CRE-ERG, the patent was sold. CRC researchers are 


delegations from Austria, France, India, Israel, Japan, 
Korea, Mexico, Sweden, Taiwan (China) and the United 


industry to increase Canada’s 
presence in the North 
by providing satellite 


characterization of both “chirp” radar pursuing another approach in CRC-FRC version 2 


technologies can be used for mobile 

broadcasting to a cell phone. Using free 
States video content captured from the Internet e CRChas established a collaborative agreement with 

© Scientific publications,.conference.presentations, and packaged for the demonstration, the University of Waterloo and other partners to study 


signals and interference from wind-profiler 


radar signals, and investigation into a new 


SARSAT beacon format communications 


access to remote technical.reports:,274 external scientific papers and researchers broadcast it over CRC’s technology for future portable and mobile wireless 
communities conference presentations, 38 technical reports and experimental DAB transmitter at applications. 

and memoranda L-band to a cell phone equipped with 

monitoring a DAB/DMB broadcast receiver. e A Canadian company contracted with CRC to develop 


eters : the proof-of-concept and prototype of a more compact 
© CRCisalso working on Software Defined Lae P compas 
Inance E and portable antenna for their mobile satellite 


Radio which enables a computer to be 
communications applications. The antenna, which will 


configured as needed to different radio 
technologies by simply downloading the communicate with Ku-band satellites, is intended to 


Revenue O7-O8 Expenses O7-O8 appropriate software. replace the company’s traditional parabolic antenna 
given that the “dish’ is difficult to transport, The 


(in Millions) fin ions) a, 
resulting reflectarray antenna will unfold to its full 

Industry Canada 261 direct Research dimensions, allowing users to automatically find and 

Operaicae caplist Anes th ____. = 
BBA cSpectrum Research arch Support establish a link 

nology Transfer 0 / toa 

ND 43) Communications fete i: f G 

4) Research Vote Net Revenue Communications Research Public Works and e A Canadian manufacturer has integrated CRC's 
19 entre nada (CRO) Goverment Services Gonads SCARI Suite into its military radios, which are being 
5.2) Cost-recoverable Tenant Services FeL 613-9913 a o- 3 us) fe 
coverable Tenant Serv Ee , : used in Afghanistan and Iraq. 
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Message from the Chair 


Communications technologies are integral to the success 
of Canadian enterprises, and innovation is a critical factor 
in our country’s ability to market goods and services 
around the world. The Information and Communication 
Technology (ICT) industry and their customers in every 
sector are driving this innovation, developing software and 
hardware that has the same fundamental importance in 


our homes or offices as electricity. 


The Communications Research Centre Canada (CRC) is 

a government research organization which complements 
these research and development activities, bringing unique 
and outstanding expertise to bear on significant technical 
challenges. Last year, CRC’s contribution included an 
important submission to the Minister of Industry's 
Telecommunications Policy Review Panel, which examined 
the most appropriate policy and regulatory framework for 
Canada’s telecommunications system in the 21st century. 
Similarly, CRC’s technical progress last year has made a 
significant impact on the telecommunications, broadcasting 


and Internet industry, and users of those networks. 


The accomplishments outlined in this year's Highlights 
reflect CRC’s crucial role in sharing its expertise with 
academic institutions and other partners in the public and 
private sector, with benefits that extend to all Canadians. 
Many different collaborations lie at the heart of an 
ongoing story of common interests, shared needs and 
fruitful collaboration. It is a story in which I am proud to 
participate, and for which I thank the many individuals 
and agencies, including the CRC clients, staff, Board and 


Industry Canada, that have fostered such success. 


eal 


Alan Winter 


Message from the President 


As you will see from this year’s Highlights, CRC 

continues to define the forefront of research work in 
Information and Communication Technology (ICT). 
‘These activities represent progress in such key areas as 
broadband technologies for rural and remote areas, defence 
communications, network security and public safety, all of 
which have a major impact on the Canadian economy and 


quality of life. 


CRC also addressed issues related to the introduction of 
a number of new wireless technologies, such as ultra- 
wideband, WiMAX and others as part of its mandate to 
help government define policy and regulations and serve 
as a scientific authority in satellite communications. CRC 
also contributed extensively to standards development 

in organizations such as the Institute of Electrical and 
Electronic Engineers (IEEE) and the International 
Telecommunication Union, among others. The 
organization is also meeting some of the challenges created 
by the convergence of telecommunications, broadcasting 
and the Internet, a trend that is rapidly expanding the 
capabilities of devices ranging from cellular phones and 


laptop computers to radios. 


Another priority has been technology transfer and 
commercialization, which is bringing CRC’s research 

into the marketplace, as well as transferring knowledge to 
university students to shape highly qualified people for 
the Canadian economy. These efforts have not only helped 
many start-up companies make their first commercial 
appearances, but also earned awards and other recognition 
for CRC personnel. CRC is now working under the 
auspices of the Public Service Modernization Act, which 
has redefined human resources planning and labour 
relations in the federal public sector. Within this context 
the CRC continues to showcase the talent concentrated 
within our organization, a critical mass of highly qualified 


people who are proving to be our greatest resource in 


building Canada’s future. 
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Veena Rawat 


(Centre) An aerial view of the Communications 
Research Centre Canada (CRC) on the Shirleys Bay 
campus in Ottawa 


(Top) CRC’s David Lee points to a newly-installed 
compact antenna range reflector inside the Research 
in Advanced Antenna Technologies Laboratory 
(RAATLAB) 


(Bottom) The new Photonics Laboratory at CR( 
under construction during the summer of 2006. 


About CRC 


As Canada’s leading research agency in telecom- 
munications for more than half a century, the 
Communications Research Centre Canada (CRC) has 
continually defined the cutting edge of this technology 
sector. Members of this organization have regularly 
played key roles in shaping specific technical innovations, 
including the complex regulatory environment that governs 
the widespread application of emerging technologies. 
From the design of a new type of antenna to helping 
government officials in the development of international 
standards for high definition television broadcasts, the 
CRC offers the country's most authoritative perspective 


on communications issues. Among the most challenging 


of such issues has been the ongoing convergence of 


communications technologies, which has blurred the lines 
that traditionally distinguished radio or television from 
such newer media as the Internet or telephony. Beyond 
simply ensuring that different pieces of equipment can 
interact with one another, CRC researchers are exploring 
the unprecedented potential offered by this convergence, 
which could usher in some entirely new products and 
services. Their efforts have yielded concrete results, in 
the form of software and hardware that is making its 
way into marketplaces in Canada and around the world. 
Canadians stand to benefit from this progress, just 

as they have previously benefited from CRC’ earlier 
telecommunications work, building the connections that 


have come to define our global economy. 


Strategic Priorities 


Broadband Access 


Broadband access activities are aimed at carrying out 
research that will help deliver cost-effective solutions 

for access to broadband services in rural and remote 
communities in Canada. These activities will also assist 

in the U-CAN program that has been proposed by the 
Telecom Policy Review Panel report, providing ubiquitous 
broadband throughout all regions in Canada that the 
market is not likely to serve on its own by 2010. These 
activities will lay the foundation for projects that could help 


to provide such access in other parts of the world. 


® CRC has established a pilot operation in India that 
showcases the feasibility of a cognitive wireless system 

with the capability to sense the radio environment for 
interference and identify poor quality links. Called the 
Microwave Light Organized Network (MILTON) 
Experimental System, it was delivered and installed at the 
Indian government's Centre for Development of Telematics 
(C-DOT) facility in Bangalore, and has completed a year 


of near flawless operation. 


Radio Spectrum 


Industry Canada regulates the radio spectrum, a mandate 
that calls for a solid technical base on which to make 
proper decisions and policies. CRC research in this area 
supports spectrum policy and regulation development, 
more efficient use of the allocated spectrum and a better 


utilization of new frequency bands. 


(Left) The antenna of the Microwave Light Organized 
Network (MILTON) Experimental System, a pilot operation 
in India. 


(Right) CRC researchers discuss UCLP project work with 
international partners using a four-way videoconference 
in the CRC BADLAB 


Internet and Convergence 


After some 20 years of implementation, the Internet 
continues to evolve, making it important for Canada to 
remain at the forefront of developments and improvements. 
In particular, Internet at higher access speed is becoming 
ever more readily available to larger numbers of consumers 
at a reasonable cost, a trend that is leading to convergence 
among various competing and complementary systems for 
delivering information. CRC is exploring the implications 
and potential of such trends, enabling government to make 


the most informed policy decisions in this area. 


® User Controlled LightPath (UCLP) software allows 
users to treat network resources as objects, enabling 

more powerful and flexible use of an entire network. 
CANARIE, Canadas advanced Internet development 
organization, issued a major contract to develop services 
based on this technology, with work at CRC being carried 
out in collaboration with the University of Ottawa, the 
Spanish i2CAT Foundation, and Inocybe of University of 


Montreal. 


Network Security and Public Safety 


The increasing use of network infrastructure for 
communications, commerce, defence and other applications 
is paralleled by a growing awareness of the need for 
network security and the role this infrastructure can 

play in public safety. In partnership with other Canadian 


organizations, CRC is examining the needs and capabilities 


of technology in this field, including the security of wireless 


networks, a matter of increasing concern. 


® Software Defined Radio (SDR), which enables 

different types of computing and information technology 
hardware to handle radio transmissions with the Software 
Communications Architecture - Reference Implementation 
(SCARI) program from CRC, could find significant 

use in public safety and search and rescue activities. The 
National Search and Rescue Secretariat, an independent 
federal agency, has asked CRC to test a dual-band, protocol 


converter for this application. 


Defence Communications 


The Department of National Defence (DND), through 
Defence R&D Canada (DRDC), is one of CRC’s major 
clients, engaging researchers with tasks conducted on a 
cost recovery basis. Most of these activities are closely 
tied to CRC’s expertise and to DND’s requirements 

for communications R&D, creating a mutually 
beneficial relationship. DND'’s present interests include 
interoperability of communications networks, quality 
of service, network security and high-capacity wireless 


systems, 


CRC is collaborating with several nations in developing 
a new high-data-rate narrowband waveform intended 
to meet requirements for NATO network-enabled 


operations, 


In a field demonstration to 
Canadian Forces Land Staff, 
CRC showcased new tactical 
communications capabilities that 
would be possible through the 
use of wireless ad-hoc network 
architectures and high data-rate 
network-capable radios. 


® CRC co-chairs the Narrowband Waveform expert group 
of NATO's VHE/UHE Radio Working Group, which 
is responsible for the development of interoperability 


standards in military tactical radio systems. 


Applications 


Much of the growing interest and demand for broadband 
technology is driven by applications that require a high 
level of quality service. With access to various national and 
international communications networks, CRC is well- 
positioned to demonstrate some of the most novel and 
promising of these applications, such as on-line education 
or medical systems, with a particular focus on a high 
degree of social or industrial benefit. Applications are also 
demonstrated for remote network access using CRC’s 


satellite communications facilities. 


# CRC participated in the tele- homecare REACH project 
(Remote Assertive Community Homecare), funded jointly 
by the European Space Agency and Canadian Space 
Agency, which installed on patient's premises specialized 


nursing stations for physician and nurses to communicate 


remotely with psychiatric patients via satellite links. 


Technology Transfer and Commercialization 


During 2005-06, 28 new patent applications were filed 
and nine new patents were issued. The patent portfolio 
has 246 active patents and applications, 
based on 104 distinct inventions. Total 
revenues generated during this period 


were $983,800. 


Taking R&D activities to the global 
marketplace is one of the key ways for 
Canada to expand its economic potential. 
CRC is among the organizations leading 
this process, and examples from the past 


year include: 


The development of an Integrated Development 
Environment (IDE) for Software Defined Radio (SDR) 
technology, which enables different types of computing and 
information technology hardware to handle multiple radio 
transmissions protocols. This product, named the Software 


Communications Architecture - Reference Implementation 


(SCARI) Software Suite, has been honoured with the 


Advanced Radio 
al Partners in 
k with Software 


15) 


CRC presently 
has 464 agreements 
worldwide for the use 
of its intellectual 
property and 153 active 
contracting-in 
agreements. 


“Excellence in Technology Transfer Award” from the 
Federal Partners in Technology Transfer, a federal network 
dedicated to recognizing the public good 
and economic value created in government 
research organizations. Transferred 

to 14 major companies nationally and 
internationally, SCARI has an educational 
version and has been downloaded more than 
7,000 times from its Web site (www.cre. 


ca/rars). 


# CRC’s well-established strength in the field 

of Bragg grating optical component research 
has been heralded by the acceptance and publication of 17 
international peer reviewed scientific journal publications, 
three outstanding submissions to peer reviewed journals, 
14 conference publications, an invited talk, the issuing of 
two US patents and the filing of four US patents. These 
activities have spawned several national and international 


collaborations, including the transfer of technology to 


manufacturers. 


systems Group was recognized by 
Technology Transfer (FPTT) for 
Defined Radio (SDR) technology 


This Year’s Activities 


Broadband Access ‘The new standard will support spatio-temporal sharing 


of common spectrum, allow for white space identification, 


® CRC participated in the formation of a new IEEE 


and provide a method for ad-hoc radio networks to 


802.22 standardization project aimed at developing communicate common electromagnetic sensing criteria in 


the air-interface for Wireless Regional Area Networks 
(WRAN), especially suited for 


CRC has extending broadband access in rural @ The Broadband Applications and Demonstration 
developed the world’s areas by taking advantage of the lightly — Laboratory (BADLAB), a CRC facility providing 


first truly cognitive 


an altruistic manner. 


adie technology or used TV broadcast spectrum in these integrated fibre-optic, satellite, and radio communications 
broadband delivery, low-density areas. This TV broadcast systems, took advantage of its network capability to host 
ee spectrum has the advantage of better various interactive multi-media events and demonstrations. 
Canada and RF signal propagation resulting in ‘The subjects of these activities included CA*net 4, 
India. larger coverage cells (up to some 30 satellite links to remote and rural communities as part 
km radius) and therefore allowing of the Virtual Classroom program (MusicGrid, Library 
sufficient subscriber bases for cost- and Archives Canada, and Algonquin College Interior 
effective broadband access operation in these rural areas. Design projects), and the National Capital Institute of 
The 802.22 standard, which will have an international Telecommunications tele-haptics project. 


applicability because of its cognitive radio features, should 

result in the user terminals being available at low cost 

because of high volume production. CRC has provided Radio Spectrum 
for the vice-chairmanship of the working group, has made 


sure that the requirements for bringing broadband access & CRC has been studying Ultra With partners, 
CRC produced a 
working example of a 
of contributions on technology, systems and interference promises to bring wireless, high- stream containing 12 
different radio programs 
in a single Digital Audio 


to rural Canada are well covered, and brought in a number Wideband technology, which 


aspects to help advance the work of the group. The plan is speed connections into homes 


to deliver an approved 802.22 standard to the industry in and offices. This work has Broadcasting 
early 2008, so that low cost equipment complying with the _ focused on the challenges posed multiplex. 
standard becomes available on the market in early 2009. by measurements and sharing 

problems, with researchers 
% CRC has been extensively involved in the development participating in working groups of the International 
of the new IEEE 802.16h standard that will allow Telecommunications Union's Radiocommunications 
WiMAX to have a coexistence capability, allowing for a Sector, as well as simulating a novel butterfly-shaped dipole 


more equitable sharing of the electromagnetic spectrum. antenna to address these issues. 


CRC researchers Siva Palaninathan (left) 
and Ibrahim Haroun (right) prepare for 
Ultra Wideband testing. 


# CRC-COVLAB software was used to study coverage of 
Digital Video Broadcasting Handheld (DVB-H) systems, 
research that is being conducted with three different 


Canadian industrial clients. 


® CRC helped demonstrate the feasibility of Digital Audio 
Broadcasting (DAB) and Digital Multimedia Broadcasting 
(DMB) technologies in Mexico City, one of the world’s 

largest urban centres, using an L-band distributed emission 


system. 


® CRC is collaborating with International Partners on 

the Assessment of Radiowave Propagation for Satellite 
Communication and Navigation Systems in Tropical and 
Sub-Tropical Areas. CRC is focusing on cloud attenuation 
modeling and fading dynamics, as part of a larger 
evaluation of tropical propagation impairments, model 


testing, and compilation of rain-rate data. 


® CRC is collaborating with Carleton University in the 
European consortium Wireless World Initiative New 
Radio (WINNER), tasked with developing the air 
interface for mobile radio systems to become capable of 
offering more than the current “third generation’ services 


for voice communications and data. 


Internet and Convergence 


= CRC-developed software components were used to 
create a full real-time Digital Audio Broadcasting (DAB) 
and Digital Multimedia Broadcasting (DMB) transmission 
chain. This kind of compact, flexible, open and low-cost 
platform has many potential 


uses in the rapidly growing 
CRC has the only 
laboratories in North 
America dedicated to 
the evaluation of 
advanced digital 
radio and television 
technologies. 


field of mobile multicast 


communications, 


® Virtual reality systems, 
enabling a user to simulate 
travel through a remote 


multimedia environment, 


are being developed by CRC in collaboration with 
academic and government partners. The work is part of an 
NSERC Strategic grant, “ Virtual Navigation in Image- 
Based Representations of Real World Environments” 
(NAVIRE), employing a large database of images to model 


any particular setting. 


® CRC has joined the European Reconfigurable 
Ubiquitous Networked Embedded Systems (RUNES) 
project, developing localization and routing techniques that 
would make it possible to deploy a sensor network within 


tunnels. 


# Users may soon be able to discard their television or 
DVD remote and simply tell these machines what to do 
verbally, thanks to a technology known as the voice-enabled 
electronic program guide (Voice EPG) that is on the verge 
of entering the marketplace. Working with South Korea's 
Electronics and Telecommunications Research Institute 
(ETRI), CRC concluded the first phase of an ongoing 


collaboration on such voice-enabled broadcast applications. 


® CRC is working with the Canadian Space Agency, 
Telesat, and Industry Canada’s National Satellite Initiative 
program to deploy, in northern Canada, Digital Video 
Broadcasting Return Channel Satellite (DVB-RCS) 
terminals that would be compatible with the ANIK F2 
ability to provide this capability. 


# CRC has been developing a prototype system for 
efficiently forwarding multicast information in an on-line, 
Mobile Ad-hoc Network, as part of work being carried out 
with the Internet Engineering Task Force (IETF). 


® The CRC’s Networked Media Laboratory, one of many 
organizations that were developing Web 2.0 applications 
before the term was coined, has released the final version 
of an on-line system that enables students to demonstrate 
their compliance with educational standards. This software 
has been used by a new Canadian company as a prototype, 
generating sufficient sales to American universities to allow 


the company to achieve financial viability. 


Network Security and Public Safety communications network to interconnect various 


battlefield sensors and provide broadband connectivity 


The potential for interference between digital television back to the central base. The experimental IP-based 


broadcasting and signals transmitted for public safety tactical radio made it possible to implement an electronic 


communications at 700 MHz, such as police or fire radio, battlefield for integrated Intelligence, Surveillance and 


is the focus of the Radio Advisory Board of Canada's 700 Reconmaiccince: 
MHz Joint Working G WG). 
Joint Working Group (J , G). The CRC prepared ERC yekco ee 
a test plan for laboratory evaluation and field tests were ® CRC chairs the NATO developed Spectrum 
conducted with the CBC in Ottawa and Montreal. Research Task Group EOL arate 12 
oy eee monitor use of the 
investigating interference electromagnetic spectrum 
® The current and future requirements of public safety and her Saw of Dewas for regulatory and 


research purposes. 


and emergency services are being explored by CRC. 


Line Telecommunications 


As part of a survey of system technology on the HF 
CRC interoperability, regulations, spectrum. 
researchers have 


policy, and market information, 
developed an Integrated 


Development Environment CRC is matching aspects of ® CRC is working in collaboration with DRDC Ottawa 
(SCARI Software Suite) for relevant services with various on the development of a military version of the CRC 
the development of Software ; F ; i 
Defined Radio (SDR). agencies or companies that Spectrum Explorer unit, a powerful software tool CRC 
The Suite is being can provide the appropriate developed to monitor the increasingly complex RE 
Pprop Pp Sly Pp 
licensed worldwide. . eee 
technology. communications spectrum. 
® CRC has designed protocols & CRC has been developing components critical to the 
for Mobile Ad-hoc Networks interoperability of the next generation of NATO's Tactical 
(MANETS), self-organizing wireless networks of mobile Area Communication System, a mobile, survivable, 
nodes that do not require pre-existing infrastructure, flexible and secure real-time network to support all 
as part of the Interoperable Networks for Secure communication needs in a battlefield setting, CRC’s 
Communications (INSC) project. contribution made a significant impact on standards being 


considered for NATO future Army coalition deployments. 


This was tested in field trials with research teams from a 


Defence Communications number of NATO nations in 2005 and 2006. 

# In a field demonstration that was part of the ISTAR ® CRC has refined neural network classifiers, which have 
military exercise in Petawawa, CRC designed, tested proven capable of distinguishing satellite imagery of naval 
and deployed a secure, classified, wireless broadband vessels with significant accuracy. 
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software, 


operated by 


Engineer K 


is used in the monitoring of spectrum 


usage across the country 


In collaboration with DND, CRC has developed 
a prototype thin profile, high-gain antenna based on 


holography principles. 


CRC has initiated a DRDC Technology Demonstration 
Project, exploring the design of Self-Healing Autonomous 
Sensor Networks that would provide enhanced situation 


awareness in military operation environments. 


Architects and industrial designers at many different 
locations will be able to collaborate in real-time, sharing 
computational resources, geometry datasets, and 
multimedia content, thanks to work being conducted by 
CRC, Carleton University's School of Architecture, and 
NRC. The $1.5 million, one-year Participatory Design 
Studio project is supported by CANARIE'’s Intelligent 
Infrastructure Program, and the work is 
taking advantage of CRC’s expertise in 
User Controlled LightPaths to develop 


these new Web services. 


Through a partnership with University 


of Toronto’ Joint Centre for Bioethics, 


CRC researchers 
discovered the photo- 
sensitivity of optical fibre, 
which has been recognized 
as one of the five most 
important advances 
for optical 
communications. 


(Left) Fixture and assembly of a holographic 
antenna, developed by CRC and DRDC. 


(Centre and right) The Department of 
National Defence (DND), through Defense 
R&D Canada (DRDC), is one of CRC’s major 


clients 


and Global E-Health and Innovation Network, CRC 
researchers are developing broadband technologies to 
support the activities of these organizations in education 


and outreach, as well as citizen engagement. 


® CRC has developed a novel multichannel loudness meter, 
which is being presented to the Radiocommunications 
Sector of the International Telecommunications Union, 

as the basis for an international standard to be used by 
broadcasters around the world. The technology will be 
distributed to several regional broadcast organizations 
around the world and used in a loudness project sponsored 


by the World Broadcasters Union. 


® CRC was involved in the successful integration of the 
European DVB-RCT (Digital Video Broadcasting, 
Return Channel Terrestrial) downlink system into the 
American Advanced Television Standards Committee 
digital television infrastructure, to create a new interactive 
multimedia datacasting system. This is 

the first time that DVB-RCT, which was 
developed for the European DVB-T system, 
has been used in conjunction with the 


American system, 


Collaborations ® CRC is collaborating with Rohde & Schwarz and 


Samsung Electronics on a possible improvement to the 
® CRC continues its collaboration with The Department 


of Indian and Northern Affairs, Arctic Council and 


University of the Arctic in support of collaborative ICT 


North American Digital Television System, testing how 
compatible such a system would be with existing broadcast 


hardware. 
initiatives amongst circumpolar countries. An Arctic 


Council ICT Network Workshop was attended in 


northern Finland in September. 


® Teaming up with Industry Canada's Spectrum, 
Information Technologies and Telecommunications 


gateway and Quebec regional staff, CRC is improving 


# A memorandum of understanding the direction-finding capability of Spectrum Explorer, 


GRC is on the between CRC and Japan's National 
forefront of Canadian 
satellite communications 
initiatives, managing all of the 
major satcom programs on 
behalf of the Canadian 


a powerful software tool developed by CRC to monitor 


Institute of Information and wireless communications spectrum. 


Communications Technology has 


been extended for three more years. 


CRC worked with Telesat Canada, Lawson Health 


oe Future collaborations may include 
research in the areas of terrestrial 


wireless and optical technologies. 


® A two-year collaborative research agreement was signed 
with the University of Ottawa to conduct joint research 
on advanced audio source coding for application in 
broadcasting over the Internet and other digital wireless 
transmission systems. Within the scope of that agreement, 
a M.Sc. student conducted NSERC-supported research 
work at CRC, producing a paper that won an award at the 
Fourth Annual Conference on Communication Networks 


and Services Research in Moncton, NB. 


# CRC signed a three-year agreement with the National 
Taiwan University to develop wireless sensors for 
biomedical and environmental applications, supported 
by the National Science Council of Taiwan and the Chip 


Implementation Center in Taiwan. 


# Under a Natural Sciences and Engineering Research 
Council (NSERC) grant, CRC continues to work with 
Laval University to build hardware and software to test 


the use of antenna diversity on a digital television return 


channel. 


The e-health communications platform 

used by the Remote Assertive Community 
Homecare (REACH) program enables patients 
suffering from mental illness to receive 
quality treatment at home. 


Research Institute, The Peel Corporation, and 

VaaSah Incorporated to launch the Remote Assertive 
Community Homecare (REACH) program. The program 
demonstrated the viability of an e-health communications 
platform that, within six months, had provided 700 

video visits between patients and care providers, reducing 
their overall travel time by more than 385 hours as well 


as reducing the number of days those patients spent in 


hospital by 112 days, 


® In a continued collaboration with Defence R&D Canada 
(DRDC) Ottawa, CRC worked in the areas of network 
security and radio surveillance; and with DRDC Valcartier 
in the area of information management over limited- 


bandwidth and energy-constrained wireless links. 


® CRC renewed its agreement to work with a major 
telecom company for two more years on projects that 
include Public Safety and Emergency Service Evolution, 
Wireless Network Security Dependability and 
Reconfigurability, and Converged Network Architecture 


for Canadian Telecom Operators, 


= An agreement was struck between CRC and Quebec 
City to study and evaluate advanced broadband wireless 


communication systems for public safety services. 


@ CRC continues to work closely with India’s Centre 

for Development of Telematics in the development of a 
MILTON cognitive radio base station technology that 
will support the IEEE 802.16h standard. This standard 
will support multiple-network coexistence and will 
mitigate congestion in the licence-exempt (LE) bands. 
The collaborative development seeks to produce a base 
station technology that will support up to nine co-channel 


networks on the same LE channel, while delivering services 


such as VOIP and data. 


® As a participant in several of the European Union's 6” 
Framework projects, CRC collaborated on 4th Generation 
Wireless (4G) technology and Dependable Security 

by Enhanced Reconfigurability (DESEREC), a multi- 
disciplinary, coordinated effort to increase the reliability of 


critical open and interconnected information systems. 


(Right) The receiving ground station component 
of Cospas-Sarsat, an international satellite system 
used by search-and-rescue services throughout 
the world 


(Left) Cospas-Sarsat is used in emergency 
situations such as the plane crash depicted here. 


= CRC has engaged in a wide range of private sector 


collaborations, including work with: 


+ Advantech AMT/Allgon of Sweden on a power 


amplifier linearization technique; 


+ 


Telesat on the next generation of beam forming 
networks, multi-media protocols, optical links and a 
satcom system for satellite communications; 

Nortel Networks on the licensing of codec software for 


the IEEE Standard 802.16; 
ISR Technologies, Spectrum Signal Processing, and 


+ 


+ 


Ultra Electronics on the licensing of CRC’s Software 
Defined Radio (SDR) tools to enhance product 
marketability; 


+ 


Telemus on the development of spectrum monitoring 
systems for an Asian navy; 
+ EMS on advanced signal processing for the detection 


of search-and-rescue satellite signals; 


+ 


mobile telephony providers on convergence of radio 


access systems with end-to-end quality of service, and 


+ 


evaluation and analysis of the deployment of Cisco's 


Mesh Access Point in outdoor environments in 


southern Ontario. 


CRC’s Impact 


® CRC is developing and demonstrating new broadband 
applications such as tele-health and tele-education for the 


benefit of rural and remote communities. 


® Developed by CRC, the Microwave Light Organized 
Network (MILTON) Experimental System is the world’s 
first truly cognitive radio technology for broadband 
delivery. MILTON is now being field tested in Canada 


and India and should make its way to many other markets. 


® CRC has used Metalorganic Chemical Vapor 
Deposition to grow GaAs substrates patterned with an 
SiO2 mask, a technique that could yield novel optical 
waveguide and switch structures with improved electrical 


and optical performance. 


# The work done by CRC on distance and electronic 
learning projects has led to many Canadian school boards 
acquiring broadband connectivity and applications 


software. 


# CRC is managing the Canadian Space Agency's Cascade 
communications technology demonstration program, 
which is studying the feasibility of space-based transfer of 
very large data files. CRC is the Co-Principal Investigator 
for the Enhanced-Polar Outflow Probe (EPOP) payload 
on the CASSIOPE satellite, and designer of the radio 


wave propagation and plasma flow instrument. 


@ Specialized CRC software has been licensed to public 
agencies and private firms, in Canada and around the 
world. These licenses included CRC-COVLAB, modeling 


software that performs coverage prediction and analysis 


(Right) Robert Gagnon adjusts an antenna in 
preparation for testing the Digital Television 
Mobile Lab on Parliament Hill 


(Left) Louis Thibault (left) and Michel Lavoie 
demonstrate CRC-SEAQ software, a System 
for the Evaluation of Audio Quality 


for various types of communication systems, as well as 
CRC-COVLITE, which estimates the path loss during 


propagation. 


® CRC is tailoring the CRC-COVLAB software to 
meet the needs of Radio-Canada, which has called for 
specialized functions and tools required to prepare 
technical briefs according to Industry Canada’s Broadcast 


Procedures and Rules (BPR). 


@ The CRC-SEAQ software, a System for the Evaluation 
of Audio Quality, was licensed to Broadcast Australia, 
LG Electronics (Korea), Samsung Advanced Institute 

of Technology (Korea), Sumnet Co. Ltd (Korea), Intel 
Corporation (USA), Dolby Laboratories (USA), the 
New Mexico State University (USA), and the Technical 


University of Norway. 


% CRC has been looking at ways of enhancing the 
performance of Digital Broadcast Multimedia Receivers, 
examining approaches such as antenna diversity, Multiple 
Input-Multiple Output antennas, improved channel 


estimation, and synchronization and cancellation schemes. 


@ As the co-chair of the Independent Laboratories 

Group of the Video Quality Expert Group (VQEG), an 
international organization dedicated to evaluating objective 
methods for the assessment of video quality in digital 
video, CRC is working on the planning and organization 
of testing methods for the assessment of multimedia 

video applications, as well as participating as a testing 
facility. The results of this work will allow international 


standards organizations, such as the International 


Telecommunications Union, to select the standard 
objective methods required by industry to monitor and 


improve the quality of the video delivered to users. 


® CRC offered formal contributions to the Minister of 
Industry's Telecommunications Policy Review Panel, which 
addressed technology trends such as the future of wireless 
systems, cognitive radio, software defined radio, wireless 
sensor networks, Mobile Multimedia Broadcasting, 
Broadband Access using digital television technologies, and 


single frequency networks for digital television. 


® To help small- and medium-sized enterprises bring 
wireless communications technology to the marketplace, 


CRC leads the Canada Network of Wireless Centres 


Telecommunications (IIT) of Montreal received $3.3 M in 
funding from Canada Economic Development for Quebec 


Regions to support work on this project. 


® CRC participated in the Software Human Resource 
Council's conference (SHRC) and presented the future on 
wireless communications. A not-for-profit organization 
working with industry, education, associations and 
government, SHRC has selected this technology as one of 


the central features of its road map for the future. 


® Working closely with the Radio Advisory Board of 
Canada, CRC assists in spectrum planning activities, 
regulatory activities, and determining the needs of the 


Canadian broadcasting industry. 


project (CWCnet). The International Institute of 


As part of National Public Service 
Week, five Public Service Awards were 
presented to CRC individuals and 
groups in a ceremony held on June 

9, 2006, These awards were given 

in recognition of outstanding R&D 
accomplishments, and for the positive 
image these individuals have brought to 
the public service in the last year. The 
winners were: 


1. The Advanced Radio Systems 
Group, for their contribution to the 
development of Software Defined 
Radio (SDR), including communications 
architecture and related tools. The 
winners are Claude Bélisle, Steve 
Bernier, Hugues Latour, Francois 
Lévesque, Sébastien Gauthier and 
Charles Auger. The Advanced Radio 
Systems Group received an “Excellence 
in Technology Transfer” Award from the 


Federal Partners in Technology Transfer 
(FPTT). 


2. Gilbert Soulodre, Michel Lavoie 
and Scott Norcross, for their article 
“Objective Measures of Listener 
Envelopment in Multichannel Surround 
Systems,” published in the Journal of 
the Audio Engineering Society (Volume 
51, Number 9) in September, 2003. 
These three researchers have been 
chosen to receive the Audio Engineering 
Society’s (AES) Publications Award 2006. 


3. Dr. Stephen Mihailov, Dr. Dan 
Grobnic, Mr. Robert Walker and Dr. 
Ping Lu, for their work on narrowband 
fiber-optic phase-shifted Fabry-Perot 
Bragg grating filters for atmospheric 
water vapor lidar measurements. They 
were selected by the NASA Inventions 
and Contributions Board for an award. 


4. Dr. Alex Vukovic, recipient of the 
Outstanding Performance Award for 
his plenary talk at the Communication 
Systems and Networks International 
Conference in 2005. 


5. Dr. Xianbin Wang, and Dr. Yiyan 
Wu, for their paper entitled “Transmitter 
Identification Using Embedded Pseudo 
Random Sequences, which appeared in 
the IEEE Transactions on Broadcasting 
in September 2004. Dr. Wang and 

Dr. Wu were recipients of the IEEE 
Scott Helt Memorial Award in October 
2005. This award is given to recognize 
exceptional publications in the field and 
to stimulate interest in and encourage 
contributions to the fields of interest of 
the IEEE Broadcast Technology Society. 


Finances 2005-2006 


-= 32.32 
«440 
0.34 


Shoo) 
B39 


0.56 
2 


TOTAL 


REVENUE 


Industry Canada - Operations 
Industry Canada - Capital Assets 
Industry Canada - Spectrum Research 


DND - Research 
Cost-recoverable Tenant Services 
Contracting-In 

Licensing 


Revenue Reported under Other Government Departments (OGD) 


CSA - CASCADE/CASSIOPE Mission 
DND - Research 


$49.78M 


* 24.60 
4.69 
10.76 
1.79 
0.30 
1.16 


EXPENSES 


Direct Research 

Research Support 

Site Operations 

Administration 

Repayment Previous Construction 
Payment in Lieu of Taxes 


3.17, CRC Construction Fund 
= Expenses Reported under Other Government Departments (OGD) 


*0.56 CSA - CASCADE/CASSIOPE Mission 
IND) 


TOTAL 
$49.78M 


DND - Research 


Notes: 


(1) CRC receives funding from a number of government and non- 
government sources. In 2005-06, Industry Canada provided 74.4% of 
CRC’s funding. Other government funding was provided by the Canadian 
Space Agency and the Department of National Defence to carry out 
R&D, and to cover costs related to their residence on the CRC campus. 
Revenue from the private sector is generated through the licensing of 
intellectual property and contracted R&D. 


(2) Construction of the Laboratory for Photonic Components & Systems 
Research will be completed in 2006-07. A lab equipment purchase plan 
and various capital projects were approved and funded by IC in 2005-06 
and 2006-07 for a total of $4M. Due to long lead times with PWGSC 
and uncertainty on future year funding, some projects were delayed. 
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President 
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MESSAGE FROM THE CHAIR | As a trade based economy, Canada must continue to invest significantly in research. 
Research and development is key to continuing the success of our industries as they develop new and improved 
technologies, products and services for use around the world. Within that context, government labs play a very 
important role in bridging the gap between long-term university research and more development-focused activities 
traditionally undertaken by the private sector. | The technologies being developed at CRC, and in the ICT sector as 
a whole, are predominantly enabling technologies. Enabling technologies have an impact on all other sectors by 
allowing them to become more efficient and innovative themselves through the use of technology. This makes the 
ICT sector one of the most important sectors for improving productivity and the future of the Canadian economy. 
Over the past year, CRC has once again demonstrated its tremendous value to government and industry by making 
significant progress in areas such as health, environment and mining through collaboration with other agencies and 
government departments on enabling technologies. | The unique combination of expertise at CRC is what makes the 
organization so essential. As a government leader in commercialization, CRC has demonstrated the ability to take ideas 
and turn them into successful technologies and applications. But CRC also plays a very important role in sharing that 
expertise with its partners, which include government departments, academia, the private sector and international 
organizations. | Collaboration is the key to CRCS success. As you will see in this document, CRC continues its 
success in working with partners to the benefit of all. | 1am proud to have been involved with CRC for many years. 
I would like to thank Industry Canada and CRCS clients, staff and Board of Directors for their commitment, and I 


look forward to working together to help ensure continued innovation into the future. | Dr. Alan E. Winter 
MG. 
cae 


MESSAGE FROM THE PRESIDENT | After another busy year, we can now look back and see that CRC continues 
to strengthen its leadership in communications research. That leadership has become a hallmark of CRC and is 
something for which we can take great pride. | As part of the commercialization agenda, we have, over the course 
of the past year, agreed to dozens of new licenses for technologies developed by CRC staff and signed many 
collaborative agreements with organizations here in Canada, and around the world. Technologies like Software 
Defined Radio, which is designed to address the interoperability challenges for public safety radio users, and the 
MILTON system, which provides broadband access to more rural areas, are out in the world, showing what CRC 
can offer. | In addition, essential work is being done everyday, and success can be seen in other projects as well, 
ranging from our research on mobile ad hoc networks (MANET) to the work on exploring the possibilities of three- 
dimensional television images (3D TV). | On campus, construction has begun on the new, state-of-the-art photonics 
lab, which will allow CRC to continue efforts in this important field of research. Construction has also been 
completed on the new RAATLab (Research in Advanced Antenna Technologies Laboratory). | Important corporate 
activities have also helped to support the efforts of our researchers. The launch of CRCS new R&D newsletter, Eye 
on Technology, has been met with tremendous positive feedback. CRCS participation in the governments efforts on 
the integration of science and technology across departments and the commercialization pilot project continue to 
strengthen our role as the governments primary lab for communications R&D. | This year, network security and 
public safety has continued to be an important area of research for CRC. | We work very closely with the Department 
of National Defence, as well as our other partners, to develop technologies that will help address some of the major 
communications challenges faced in these areas. | But to recognize all of the wonderful achievements this year, it is 
important that we realize that it is the people that truly make CRC what it is. CRC has an extremely strong Board of 
Directors who are extraordinary in helping to guide the organization into the future. As well, the quality of the people 
at CRC is reflected by the tremendous number of CRC staff members who were recognized this year, both by their 
peers and by international organizations, for their work. | At a research facility like CRC, you can only go as far as 


your staff can take you. With the quality of the people at CRC, I know the sky is the limit. | Veena Rewat 
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From Alouette...to ARPANET,... 
CRC has helped Canada lead the 
way in communications 


| 
THE COMMUNICATIONS RESEARCH CENTRE CANADA 


Located on the Shirleys Bay campus in Ottawa, the Communications Research 
Centre Canada (CRC) is the government's primary laboratory for advanced 
telecommunications R&D. With research expertise built up over more than 
50 years, CRC has an extensive track record of success in the field. 


CRC has been involved in some of the most significant developments in communications in Canada. 
From the Alouette satellite, which made Canada the third nation in space, to the first Canadian link to 
the ARPANET, which was the predecessor to the Internet, CRC has helped Canada lead the way in com- 
munications. | Today, CRC has been divided into four main research branches, looking at broadband 
network technologies, terrestrial wireless technologies, satellite communications and radio propagation, 
and broadcast technologies. Each of these branches conducts research activities that are looking ahead 
— beyond today’s “technology horizon” and into the future. | The results of the research activities at CRC 
are far reaching. The technologies being developed as a result of CRC research have been licensed to orga- 
nizations and companies around the world, being included in products that are used every day. | But CRC’s 
impact goes even further. The expertise and knowledge developed as a result of that research is applied to 
other areas as well. CRC provides program management for major satellite communication projects and it 
creates partnerships with Canadian and international organizations. It also acts as an independent source 


of technical advice for telecommunication policy and regulatory decisions made by the government. 
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Technology Transfer & Commercialization | The 


commercialization of technology is at the heart of the 
governments plan for Canada. Taking the R@D being 
carried out in Canadian labs and universities and bring- 
ng them to market has been identified as one of the key 
ways that Canada can continue to grow its economy. 
3ut its more than just the economy that benefits from 


commercialization. Without it, the potential benefits of 


yew Canadian technologies, benefits to communities and 


all Canadians, will never be realized. 


CRC is a leader in technology transfer and commercial- 
ization for the government. With over 330 licenses and 
230 patents, CRC has over 90 distinct technologies 


available for use by the private sector. The revenues 


brought in by these technologies are used to help con- 
tinue the research at CRC, contributing to even more 


developments in the future. 


Working with Partners in Canada and Around 
the World | One of CRC’s key advantages is the links it 
has established with Canadian and international partners. 
Over the years, CRC has worked with dozens of academic 
institutions, private sector companies, and government 
departments and agencies from around the world. CRC 
has extremely close ties with many Canadian government 
departments, often partnering with them on important 


research areas of mutual interest and conducting research 


on their behalf. CRC researchers contribute to many inter- 


national standards organizations, and regularly participate 


in international tests and trials to develop those standards. 


Through collaborative agreements, CRC also participates 
in many joint R@D projects with organizations from 
around the world, working to further develop important 


technologies that will benefit everyone. 


CRC Innovation Centre | The foundation of Canada’s 
economy is the success of small- and medium-sized enter- 
prises (SMEs). Through the CRC Innovation Centre, SMEs 
in the information and communication technologies sector 


have a partner they can count on to help them succeed. 


The Innovation Centre helps out start-up companies, as 
well as some more established ones, by providing work 
space and access to CRC experts, helping them develop 
and test their technologies. This close link to one of the 
largest concentrations of top technology researchers 
in Canada means that these companies have a unique 
benefit CRCs accumulated 


opportunity to from 


knowledge and expertise. 


Supporting Research Activities | CRC offers many 
corporate services to support its R@D activities and to pro- 
mote the results of these activities. In addition to functions 
such as human resource management and finance related 
activities, researchers have access to services such as the 
model shop, creative and visual services, communications 


services and the technology transfer office. 


CRC also acts as the landlord for the Shirleys Bay campus, 
with a number of other departments and agencies taking 
advantage of the concentration of expertise and services 
located on site. As such, CRC is responsible for ensuring 
the maintenance of the campus as well as the health and 


safety of staff working on site. 


STRATEGIC PRIORITIES 


CRC has identified six strategic priorities for future research. These six priorities will help CRC focus its R&D 


efforts on areas that are of strategic importance to telecommunications in Canada, will allow CRC to continue 


to support policy decisions being made in the future and help to address specific challenges faced by various 


clients. | Those six strategic priorities are: 


BROADBAND ACCESS | Broadband access activities 
are aimed at carrying out research that will help de- 
liver cost-effective solutions for access to broadband 
services in rural and remote communities in Canada. 
In order to focus activities for this priority, CRC also 
established the Rural and Remote Broadband Access 
(RRBA) program in 2002. 


Industry Canada is mandated to 
regulate the radio spectrum and therefore, must have 
a solid technical base to make proper decisions and 
policies. Research in this area contributes to advice on 
spectrum policy and regulation development, realloca- 
tion and/or new or more efficient use of allocated spec- 


trum, and utilization of new frequency bands. 


DEFENCE COMMUNICATIONS | National Defence 


(DND) is one of CRCs major clients and research tasks 


require secure network infrastructure. CRC continues 
to conduct research in the area of network security and 
communication systems for public safety, in partnership 
with other Canadian organizations. In particular, secu- 


rity of wireless networks is one area increasing concern. 


INTERNET + CONVERGENCE | Although the Internet 
can be considered to be a mature technology’ having 
been in existence for over 20 years, it is important for 
Canada to be on top of, and even contribute to, new 
world developments and improvements. As technology 
evolves and bandwidth is more readily available to 
consumers at reasonable cost, it also becomes important 
to understand and predict convergence trends between 
the various competing and complementary information 


delivery systems. CRC can provide a valuable look 


forward on these trends so that the government can be 


better informed when considering policy decisions. 


are done ona cost recovery basis. Most of the activities are eS 


closely tied to CRC’ expertise and to DND$s requirements 
for communications RGD, creating a mutually beneficial 
relationship. DND’s present interests include interoper- 
ability of communications networks, quality of service, 


network security and high-capacity wireless systems. 


NETWORK SECURITY + PUBLIC SAFETY | Commu- 


nications, commerce, defence and other applications 


APPLICATIONS | One of the key drivers for acceptance 
and use of broadband technology is the availability 
of applications requiring a high quality of service. 
CRC is well positioned to use its access to various 
national and international communications networks 
to conduct demonstrations of novel broadband 
applications, such as e-learning, e-health and others, 
with a particular focus on those with a high degree of 


social or industrial benefit. 


THIS YEAR'S ACTIVITIES 


R&D activities have been carried out in all four of CRC’s 
research branches in support of the six key research 
priorities. Broken up by priority area, here are just some 
of the key accomplishments and initiatives from the 


past year. 


BROADBAND ACCESS AND THE RRBA PROGRAM | 
Within CRC’s mandate to explore broadband technologies, 
CRC established the Rural and Remote Broadband 
Access (RRBA) Program in 2002. This program is aimed 
at developing cost-effective technologies to help the 
governments goal of bringing broadband services to 
Canada’s rural and remote areas. Within the scope of the 
program, support was given to projects at CRC that would 
help deliver on this mandate. 


jects that have received support as part of the 


RRBA program will be marked with a % 


) for the RRBA program over the past three years 


2003/04 2004/05 


BROADBAND ACTIVITIES 
 @ ¢ The joint CSA/CRC/ndustry Payload Flight Demonstra- 
. tion Program for Anik-F2 was completed with successful 
in-orbit tests in December 2004. The focus has now shift- 
ed to preparing for trials of the experimental on-board 


processor and providing technical support and guidance 


G® 


to Industry Canada’s National Satellite Initiative. This will 
also involve work to benefit from the Ka-band capacity 
credit that is being provided to the government for use in 


Northern Canada. 


¢ Research and development continues on Ka-band broad- 
band ground station technologies for mobile enterprise 
services. A prototype terminal incorporating a number of 


CRC's new technologies is under development. 


¢ CRC has demonstrated a new form of silica waveguides 
containing fluid-filled microchannels. These microchan- 
nels could be used for a broad range of new functions for 
photonic devices, including as an internal sensor, or as a 


chip cooling mechanism using microfluidics. 


¢ Research continued on real-time techniques for propa- 
gation fade compensation in an open-loop satellite link 


through frequency scaling of attenuation. 


e Work moved forward on the Microwave-Light Organized 
Network (MILTON) technology, which is designed to de- 
liver wireless broadband access in less populated areas. A 
successful on-going field trial of the technology was con- 
ducted in the Ottawa area with the installation of a hub in 


September 2004. 
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Through the RRBA program, CRC 
actively participated in the formation 
of the new IEEE 802.22 Working 


Group. This group is working on 


international air-interface stan- 
dards for Wireless Regional Area 
Networks (WRAN), which are 
aimed at extending broadband 
access to the less densely populated 
rural areas. 


Research on the development of a digital television (DTV) 
based, interactive multimedia broadcasting system con- 
tinued this year. Extensive tests were conducted on the 
transmission of IP data over DTV channels and a DTV to 


Wi-Fi bridge was also demonstrated. 


RADIO SPECTRUM 

Potential improvement to coverage provided by the DTV 
Single Frequency Network (SFN) built in Ottawa by CRC 
with support from Canadian DTV (CDTV) was confirmed 
by field tests. The results of the tests showed that such a 
network could improve coverage and reduce the amount 
of spectrum required when compared to a conventional 


stand-alone transmitter. 


CRC% participation in the three-year Coalition Command 


Control and Communications Demonstration Environ- 


ment (CC3DE) Project Agreement through The Techni- 
cal Cooperation Program (ITCP) has led to concepts for 
robust distributed management and security for coali- 
tion networks. CRC has developed a prototype system 
that demonstrates the capability of an automated, policy 
driven method for controlling management traffic across 
national and coalition boundaries and over bandwidth 


constrained communication links. 


In order to better understand the issue and to provide 
advice to Industry Canada on future regulations, the 
evaluation of the Interference Potential of PLC (Power Line 


Communications) Systems in the Frequency Range 1-80 


MHz has begun with modelling and simulation work. 


» Preliminary results of a study on digital multimedia broad- 


casting (DMB) and large-area coverage have shown the cov- 
erage improvements that could be expected if the system 
could operate in the VHF (195 MHz) band. This is done to 
investigate the possibility of using un-used TV channels for 


non-broadcasting services in remote and rural areas. 
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Working with the University of Ottawa, CRC studied the 
potential of interference from 5 GHz Radio Local Area 
Networks (RLANs) on weather radar systems. This re- 
search will be used to provide input into the International 
Telecommunication Union (ITU) to help develop new 


international standards. 


The impact of applying reduced satellite spacing, as 
proposed by some satellite service providers in the United 
States, on the quality of service for Canadian broadcast 


systems is being investigated. 


Adaptive radio research is underway to explore wireless 
systems that exploit unused frequency spectrum in time 
and space, and dynamically adapt to the varied environ- 


ments and changing conditions. 


CRC is studying and has characterized Ultra Wideband 
(UWB) Emissions and has carried out measurements of 
path loss with a UWB source in order to further the un- 
derstanding of these issues and to support the develop- 


ment of future regulations by Industry Canada. 


DEFENCE COMMUNICATIONS 

CRC participated in two interoperability field trials for 
the Canadian Army under the NATO TACOMS Post- 
2000. These exercises took place in Europe, with teams 
from the Netherlands, France, Norway, the UK, Sweden 
and Canada. The results from this activity are having a 
significant impact on the acceptance of a new generation 
of NATO standards and on plans for multi-national NATO 


Army deployments. 


CRC% participation in the three-year Coalition Command 
Controland Communications Demonstration Environment 
(CC3DE) Project Agreement through The Technical 
Cooperation Program (TTCP) has led to concepts for 
robust distributed management and security for coalition 


networks. CRC has developed a prototype system that 


demonstrates the capability of an automated, policy driven 


method for controlling management traffic across national 
and coalition boundaries and over bandwidth constrained 


communication links. 


To support Defence R@D Canada’s (DRDC) Software Based 
Radio activities, CRC has begun a new study to investigate 
the feasibility and design of a multi-band antenna feed 
horn and the related waveguide hardware as a retrofit to 


Canadian Navy ship-born satellite antennas. 


In work targeted at reliable communications for military 
operations in complex terrain, low complexity MIMO sig- 
nal processing algorithms have been developed which illus- 


trate the gains available using asynchronous transmissions. 


The development of the military version of the Spectrum 
Explorer was pursued by adding new signal processing 
algorithms for detecting and identifying additional classes 
of signals. Demonstrations and field trials were performed 
with the Canadian Forces and other friendly forces to bet- 
ter address the requirements of the Canadian Forces and 


its closest allies. 


Under DRDCs Technology Demonstration Program, 
CRC is carrying out a project to demonstrate advanced 
technologies aimed at enhancing the capabilities of the 
Canadian Forces’ tactical communication system. Work 
is focused on the development and implementation of 
a high-data-rate software radio modem, and of a mobile 


ad-hoc network architecture suitable for tactical systems. 


e In Partnership with DRDC Valcartier, a new project by 
CRC looking at military sensor networks is studying re- 
cent advances of small, low-cost, low-power, multifunc- 
tional wireless sensor nodes for communications over 


short distances. 


NETWORK SECURITY + PUBLIC SAFETY 

CRC is participating in the development of enhance- 
ments to the international satellite system for search 
and rescue (Cospas-Sarsat) and is setting up antennas 
to receive SAR signals from future navigation satellites 


(GPS, Glonass and Galileo). 


CRC is working closely in the area of network security 
with Industry Canada and other Government depart- 
ments/agencies such Defence R@D Canada, the Canadian 
Security Establishment, National Research Council, RCMP 
and Public Safety Emergency Preparedness Canada. Pro- 
totype tools for network monitoring are currently being 
tested on the CRC in-house network and are also being 


considered for technology transfer. 


* Multiband - multi-protocol radio prototypes are being 
developed, based on the Software Defined Radio technology 
to address interoperability issues in public safety and 


emergency situations. 


* Research was conducted exploring advanced signal 
detection techniques to enhance wireless LAN security 
through the application of RF fingerprinting. RF Finger- 
printing will help to protect against hackers by screening 


out unauthorized users on wireless LANs. 


At the inaugural meeting of the Broadcasters’ Public Alerting 
Working Group in September 2004, CRC, in conjunction 
with e-Radio, presented a demonstration on the use of Radio 
Data Service (FM-RDS) for Public Alerting. An experimental 


FM station was set up at CRC for the occasion. 


Work has continued on mobile ad hoc networks as a 
way for multiple organizations to communicate during 
emergency response and security operations. Techniques 
to prevent unauthorized users from joining a mobile ad- 
hoc network and to prevent wormhole attacks have been 


implemented for testing and evaluation. 


INTERNET + CONVERGENCE 

e A two-way high definition (HD) videoconference was 
established between CRC and the National Institute of 
Information and Communications Technology (NICT) of 
Japan. Several demonstrations using this technology were 
also done at international conferences during January in 


Hawaii (PTC 2005) and Bangkok (APAN). 


Considerable efforts were invested in the development 
and demonstration of a special application called 
Broadcast File Download, which illustrates digital 
audio broadcasting’s (DAB’s) potential to effectively 


deliver data files to mobile users. 


e A new version of FreeWRL was released to the Open- 
Source community and used to demonstrate shared vir- 
tual reality between CRC and Hawaii at the Conference of 


the Pacific Telecommunications Council. 
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-e The Broadband Applications 


Emerging technology for digital video broadcasting 
on handheld devices (DVB-H) is being evaluated and 
compared to DAB/DMB for multimedia services to mobile 


and portable receivers. 


APPLICATIONS 

and Demonstration 
Laboratory (BADLAB) was used to host and facilitate vari- 
ous interactive multi-media events and demonstrations, 
such as the Virtual Classroom initiative, via broadband 
networks involving CA*net 4 and satellite links to remote 


and rural communities. 


CRC partnered with several organizations, including Tele- 
sat, to fulfill a contract with the European Space Agency 
to demonstrate telehealth and telesurgery applications via 


satellite in Canada. 


* In collaboration with Defence R@D Canada and several 


private sector partners, CRC designed and implemented 
a high capacity wireless system to support the demon- 
stration of the remote surveillance and control of an un- 
manned air vehicle (UAV). The demonstration involved 
a UAV flying in Ottawa being monitored from a control 


station at CeBIT 2005 in Hanover, Germany. 


By partnering with Canada Health Infoway and others to 
plan and implement telehealth services in Northern Can- 
ada, satellite ground equipment developed by Canadian 
industry is now being installed. Initial demonstrations of 


these new services to potential users are planned in 2005. 


e The WISELab successfully supported the 2004 Atlantic 


Littoral ISR (Intelligence, Surveillance and Reconnaissance) 
Experiment (ALIX) in Gagetown, NB (CFB Gagetown) 


by using its broadband wireless network, providing 


interconnection among the various battlefield elements. 


OTHER ACTIVITIES 


COMMERCIALIZATION 

This year, CRC signed over 90 licensing agreements, col- 
laborative arrangements and contracting-in agreements. 
CRC research also generated eight new patents and 35 
new patent filings for 17 distinct technologies. With that, 
CRC remains one of the top government labs for technol- 
ogy transfer and for the percentage of R@D budget gen- 
erated through licensing. Some examples of this year’s 


technology transfer activities are: 


CRC has licensed its “SCARI Software Suite” for Software 
Defined Radio development to eight Canadian and foreign 


companies over the past fiscal year, and new licensing 


Opportunities continue to develop. CRCs Advanced 
Radio Systems research team has also been in demand for 
providing courses, tutorials and technical support on SCA 


implementation and radio development. 


CRCs Forward Error Correction (FEC) technologies have 


been licensed extensively both nationally and intemational 


Nat 


In the last fiscal year, two new patents were issued, and 


a new patent application was filed. FEC technologies a 


(ar) 


currently licensed to 49 Canadian and foreign companies, 


two of which obtained licenses during the last fiscal year. 


CRC recently signed a collaborative R&D agreement with 
India’s Center for Development of Telematics (CDOT), 
to further develop the Microwave-Light Organized Net- 
work (MILTON) technology. CDOT will also assist in the 
commercialization of this technology in India. This could 
mean significant IP revenues for CRC in India’s rapidly 
growing telecommunications market. CRC and C-DOT 
are also working with Wavesat, a Canadian company, on 


ILTON system. 


incorporating WiMAX technology into the 


On top of existing licenses with companies such as Dolby, 
Phillips and Panasonic, this year the CRC-SEAQ (System 
for the Evaluation of Audio Quality) software was licensed 
to 10 entities. These licenses are with companies includ- 
ing Canadian organizations like Ottawa-based Gennum 


and the University of Montreal, as well as foreign entities 


such as NASA and France Telecom. 


COLLABORATION + PARTNERSHIPS 

Every year, CRC continues to build on its strength, its abil- 
ity to make connections with organizations and research- 
ers across Canada and around the world. Once again this 
year, CRC has continued to develop new partnerships, and to 


strengthen existing ones. 


CANADIAN COLLABORATI 


CRC supported trials of a new Real-time Emergency Man- 
agement System by Satellite (REMSAT) being developed 
by Telesat, and is participating in the development of ad- 


ditional, enhanced features in 2005. 


CRC continues to provide technical and program manage- 
ment support of the CASCADE payload and the Enhanced 
Polar Outflow Probe (ePOP) payload on behalf of the 


Canadian Space Agency. 


The analysis of digital television transmission measure- 
ments done in Montreal was completed and shared with 
the CBC. The CBC will use these results to help in the 


launch of its HDTV service in Montreal. 


As a founding partner, CRC continues to be the lead on 
the Canada Network of Wireless Centres (CWCnet), a 
program designed to support the testing of new wireless 
technologies by small- and medium-sized enterprises 


(SMEs) at R&D sites across the country. 


Collaboration with the University of Ottawa and NRC has 
continued under an NSERC strategic grant on “Virtual 
Navigation in Image-Based Representations of Real World 
Environments”. The purpose of the project is to develop 
technologies to allow a person to virtually walk through a 
remote environment, based on a large collection of actual 


images of that site. 


CRC also provided scientific leadership in Canada and 


around the world through more than 250 publications 


e@ 


O@e 


this year. A list of these publications is available on the CRC 


Library's website at: http://www.crc.ca/publications-library. 


INTERNATIONAL COLLABORATION 

CRC collaborated with ONERA (France), Politecnico di 
Milano (Italy), and CETUC (Brazil) under a European 
Space Agency contract to investigate earth-space propaga- 
tion fundamentals and impairment prediction modeling 


for tropical climates. 


A collaboration agreement with the National Science 
Council (NSC) of Taiwan on the design of monolithic 
microwave integrated circuits (MMICs) in the 60 GHz 
range continued this year. This is the second year of a 


three-year agreement with NSC. 


CRC began collaborating on three major European Union 
6th framework projects — B3G/4G, Public safety com- 
munications systems and intrusion/detection/security in 
wireless networks. The framework is the EUs primary 


vehicle for funding R&D activities. 


The User-Controlled Lightpath Provisioning (UCLP) System 
developed jointly with the University of Ottawa under a 
contract awarded by CANARIE from their Directed Research 
Program was successfully deployed on CA*net 4. The UCLP 
System software was further enhanced under collaboration 
with the Technical University of Catalonia (UPC) in Spain 
and then used to carry out a live demonstration from the 


BADLAB in June 2004 to the EU delegation on e-Infrastructure. 


A series of audio subjective tests were completed to gather 
data to validate a new multichannel loudness meter 
developed at CRC. This loudness meter will be submitted 
to the ITU-R as a candidate technology for an international 


standard to be used by broadcasters around the world. 


CRC continued collaboration with European research labs 


in the area of signal processing, through participation in 


the EU COST-273 program — ‘Towards Mobile Broadband 


Multimedia Networks’. 


CRC signed a Memorandum of Cooperation (MOC) with 
the Hong Kong Wireless Technology Industry Association, 
which operates the Hong Kong Wireless Development 
Centre. This MOC allows CRC and WTIA to cooperate so 
that SMEs in Canada and Hong Kong can test out applica- 
tions on wireless platforms in each other’ territories (at a 


reasonable cost) and gain access to each other's markets. 


Corporate Activities 

Several multi-year projects have been instituted to up- 
grade the aging infrastructure at Shirleys Bay, including 
the campus electrical distribution system, the storm and 
sanitary sewer systems and the water distribution system. 
At the same time, programs are being put in place to train 
staff in safety related areas including fall arrest, working in 
confined spaces, hazardous spill cleanup, asbestos abate- 
ment and mould cleanup. These multi-year projects and 
training programs will make the Campus a safer place for 


its employees and visitors alike. 


CRC developed and launched the International Society 
Technologies (IST) R&D Network as part of its activities 
as the National Contact Point for the EU’s IST Program. 
The system is aimed at sharing information with Canadian 
organizations interested in collaborative opportunities 
with European organizations. To date, over 200 Canadian 
organizations have signed up for the network through the 


web site at www.crc.ca/ist. 


This year brought the launch of CRC’s new external news- 
letter Eye on Technology. This web-based newsletter is pro- 
duced three times a year and provides readers with infor- 
mation about research activities at CRC. Following the first 
issue of Eye on Technology, released in March 2005, more 
than 100 new readers subscribed to the newsletter through 


the CRC web site. 


FINANCES 


2004-05 CRC REVENUE 


2004-05 CRC EXPENSES 


Notes: 

(1) CRC receives funding from a number of government and non- 
government sources. In 2004-05, Industry Canada provided close to 
75% of CRC's funding. Other government funding was provided by 
the Canadian Space Agency and the Department of National De- 
fence to carry out R&D, and to cover costs related to their tenancy 
on the CRC carnpus. Revenue from the private sector is generated 
through the licensing of intellectual property and contracted R&D. 


——_ 2.9 | Cost-recoverable Tenant Services 


31.5 | Industry Canada - Operation 
3.1 | Industry Canada - Capital Assets 
0.4 | Industry Canada - Spectrum Research 


3.3 | DND - Research 


—— 1.7| Contracting-In 


-  1.2| Licensing 


1.1 | CSA-CASCADE/CASSIOPE Mission | 
2.4 | DND - Research 


Revenue Reported Under Other 
Government Departments (OGD) 


| 
ae 


24.3 | Direct Research 
5.1 | Research Support 
8.8 | Site Operations 


2.5 | Administration 


0.3 | Repayment Previous Contruction 


\______ 1.0 | Payment in Lieu of Taxes 


1.0 | CRC Construction Fund 


es i .1 | CSA-CASCADE/CASSIOPE ae 


2.4 | DND - Research 


Expenses Reported Under Other 
Government Departments (OGD) 


(2) Construction of the Laboratory for Photonic Components & 
Systems Research will be completed in 2006-07. The $1.09M from 
Industry Canada funds unutilized in 2004-05 will be expended in 
2005-06 for the Photonics Laboratory construction. Construction of 
the RAATLab was completed this year. 
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MESSAGE FROM THE CHAIR | As a trade based economy, Canada must continue to invest significantly in research. 
Research and development is key to continuing the success of our industries as they develop new and improved 
technologies, products and services for use around the world. Within that context, government labs play a very 
important role in bridging the gap between long-term university research and more development-focused activities 
traditionally undertaken by the private sector. | The technologies being developed at CRC, and in the ICT sector as 
a whole, are predominantly enabling technologies. Enabling technologies have an impact on all other sectors by 
allowing them to become more efficient and innovative themselves through the use of technology. This makes the 
ICT sector one of the most important sectors for improving productivity and the future of the Canadian economy. 
Over the past year, CRC has once again demonstrated its tremendous value to government and industry by making 
significant progress in areas such as health, environment and mining through collaboration with other agencies and 
government departments on enabling technologies. | The unique combination of expertise at CRC is what makes the 
organization so essential. As a government leader in commercialization, CRC has demonstrated the ability to take ideas 
and turn them into successful technologies and applications. But CRC also plays a very important role in sharing that 
expertise with its partners, which include government departments, academia, the private sector and international 
organizations. | Collaboration is the key to CRCS success. As you will see in this document, CRC continues its 
success in working with partners to the benefit of all. | 1am proud to have been involved with CRC for many years. 
I would like to thank Industry Canada and CRCS clients, staff and Board of Directors for their commitment, and I 


look forward to working together to help ensure continued innovation into the future. | Dr. Alan E. Winter 
MG. 


MESSAGE FROMTHE PRESIDENT | After another busy year, we can now look back and see that CRC continues 
to strengthen its leadership in communications research. That leadership has become a hallmark of CRC and is 
something for which we can take great pride. | As part of the commercialization agenda, we have, over the course 
of the past year, agreed to dozens of new licenses for technologies developed by CRC staff and signed many 
collaborative agreements with organizations here in Canada, and around the world. Technologies like Software 
Defined Radio, which is designed to address the interoperability challenges for public safety radio users, and the 
MILTON system, which provides broadband access to more rural areas, are out in the world, showing what CRC 
can offer. | In addition, essential work is being done everyday, and success can be seen in other projects as well, 
ranging from our research on mobile ad hoc networks (MANET) to the work on exploring the possibilities of three- 
dimensional television images (3D TV). | On campus, construction has begun on the new, state-of-the-art photonics 
lab, which will allow CRC to continue efforts in this important field of research. Construction has also been 
completed on the new RAATLab (Research in Advanced Antenna Technologies Laboratory). | Important corporate 
activities have also helped to support the efforts of our researchers. The launch of CRC new R&D newsletter, Eye 
on Technology, has been met with tremendous positive feedback. CRC’ participation in the governments efforts on 
the integration of science and technology across departments and the commercialization pilot project continue to 
strengthen our role as the government’ primary lab for communications RSD. | This year, network security and 
public safety has continued to be an important area of research for CRC. | We work very closely with the Department 
of National Defence, as well as our other partners, to develop technologies that will help address some of the major 
communications challenges faced in these areas. | But to recognize all of the wonderful achievements this year, it is 
important that we realize that it is the people that truly make CRC what it is. CRC has an extremely strong Board of 
Directors who are extraordinary in helping to guide the organization into the future. As well, the quality of the people 
at CRC is reflected by the tremendous number of CRC staff members who were recognized this year, both by their 
peers and by international organizations, for their work. | At a research facility like CRC, you can only go as far as 


your staff can take you. With the quality of the people at CRC, I know the sky is the limit. | Veena Rewat 
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From Alouette...to ARPANET.... 
CRC has helped Canada lead the 
way in communications 


THE COMMUNICATIONS RESEARCH CENTRE CANADA 


Located on the Shirleys Bay campus in Ottawa, the Communications Research 
Centre Canada (CRC) is the government's primary laboratory for advanced 
telecommunications R&D. With research expertise built up over more than 
50 years, CRC has an extensive track record of success in the field. 


CRC has been involved in some of the most significant developments in communications in Canada. 
From the Alouette satellite, which made Canada the third nation in space, to the first Canadian link to 
the ARPANET, which was the predecessor to the Internet, CRC has helped Canada lead the way in com- 
munications. | Today, CRC has been divided into four main research branches, looking at broadband 
network technologies, terrestrial wireless technologies, satellite communications and radio propagation, 
and broadcast technologies. Each of these branches conducts research activities that are looking ahead 
— beyond today’s “technology horizon” and into the future. | The results of the research activities at CRC 
are far reaching. The technologies being developed as a result of CRC research have been licensed to orga- 
nizations and companies around the world, being included in products that are used every day. | But CRC’ 
impact goes even further. The expertise and knowledge developed as a result of that research is applied to 
other areas as well. CRC provides program management for major satellite communication projects and it 
creates partnerships with Canadian and international organizations. It also acts as an independent source 


of technical advice for telecommunication policy and regulatory decisions made by the government. 


| The 


Technology Transfer & Commercialization 


commercialization of technology is at the heart of the 
governments plan for Canada. Taking the R&D being 
carried out in Canadian labs and universities and bring- 
ing them to market has been identified as one of the key 


ways that Canada can continue to grow its economy. 


But its more than just the economy that benefits from 
commercialization. Without it, the potential benefits of 


new Canadian technologies, benefits to communities and 


all Canadians, will never be realized. 


CRC is a leader in technology transfer and commercial- 
ization for the government. With over 330 licenses and 
230 patents, CRC has over 90 distinct technologies 
available for use by the private sector. The revenues 
brought in by these technologies are used to help con- 
tinue the research at CRC, contributing to even more 


developments in the future. 


Working with Partners in Canada and Around 
the World | One of CRC’s key advantages is the links it 
has established with Canadian and international partners. 
Over the years, CRC has worked with dozens of academic 
institutions, private sector companies, and government 
departments and agencies from around the world. CRC 


has extremely close ties with many Canadian government 


departments, often partnering with them on important 
research areas of mutual interest and conducting research 


on their behalf. CRC researchers contribute to many inter- 


national standards organizations, and regularly participate 


in international tests and trials to develop those standards. 


Through collaborative agreements, CRC also participates 
in many joint R&D projects with organizations from 
around the world, working to further develop important 


technologies that will benefit everyone. 


CRC Innovation Centre | The foundation of Canada’s 
economy is the success of small- and medium-sized enter- 
prises (SMEs). Through the CRC Innovation Centre, SMEs 
in the information and communication technologies sector 


have a partner they can count on to help them succeed. 


The Innovation Centre helps out start-up companies, as 
well as some more established ones, by providing work 
space and access to CRC experts, helping them develop 
and test their technologies. This close link to one of the 
largest concentrations of top technology researchers 
in Canada means that these companies have a unique 
from CRCs accumulated 


opportunity to benefit 


knowledge and expertise. 


Supporting Research Activities | CRC offers many 
corporate services to support its R@D activities and to pro- 
mote the results of these activities. In addition to functions 
such as human resource management and finance related 
activities, researchers have access to services such as the 
model shop, creative and visual services, communications 


services and the technology transfer office. 


CRC also acts as the landlord for the Shirleys Bay campus, 
with a number of other departments and agencies taking 
advantage of the concentration of expertise and services 
located on site. As such, CRC is responsible for ensuring 
the maintenance of the campus as well as the health and 


safety of staff working on site. 


STRATEGIC PRIORITIES 


CRC has identified six strategic priorities for future research. These six priorities will help CRC focus its R&D 


efforts on areas that are of strategic importance to telecommunications in Canada, will allow CRC to continue 


to support policy decisions being made in the future and help to address specific challenges faced by various 


clients. | Those six strategic priorities are: 


BROADBAND ACCESS | Broadband access activities 
are aimed at carrying out research that will help de- 
liver cost-effective solutions for access to broadband 
services in rural and remote communities in Canada. 
In order to focus activities for this priority, CRC also 
established the Rural and Remote Broadband Access 
(RRBA) program in 2002. 


Industry Canada is mandated to 
regulate the radio spectrum and therefore, must have 
a solid technical base to make proper decisions and 
policies. Research in this area contributes to advice on 
spectrum policy and regulation development, realloca- 
tion and/or new or more efficient use of allocated spec- 


trum, and utilization of new frequency bands. 


DEFENCE COMMUNICATIONS | National Defence 
(DND) is one of CRC major clients and research tasks 
are done ona cost recovery basis. Most of the activities are 
closely tied to CRC expertise and to DND’s requirements 
for communications R&D, creating a mutually beneficial 
relationship. DND’s present interests include interoper- 
ability of communications networks, quality of service, 


network security and high-capacity wireless systems. 


NETWORK SECURITY + PUBLIC SAFETY | Commu- 


nications, commerce, defence and other applications 


require secure network infrastructure. CRC continues 
to conduct research in the area of network security and 
communication systems for public safety, in partnership 
with other Canadian organizations. In particular, secu- 


rity of wireless networks is one area increasing concern. 


INTERNET + CONVERGENCE | Although the Internet 
can be considered to be a mature technology’ having 
been in existence for over 20 years, it is important for 
Canada to be on top of, and even contribute to, new 
world developments and improvements. As technology 
evolves and bandwidth is more readily available to 
consumers at reasonable cost, it also becomes important 
to understand and predict convergence trends between 
the various competing and complementary information 
delivery systems. CRC can provide a valuable look 
forward on these trends so that the government can be 


better informed when considering policy decisions. 


APPLICATIONS | One of the key drivers for acceptance 
and use of broadband technology is the availability 
of applications requiring a high quality of service. 
CRC is well positioned to use its access to various 
national and international communications networks 
to conduct demonstrations of novel broadband 
applications, such as e-learning, e-health and others, 
with a particular focus on those with a high degree of 


social or industrial benefit. 


THIS YEAR'S ACTIVITIES 


R&D activities have been carried out in all four of CRC’s 
research branches in support of the six key research 
priorities. Broken up by priority area, here are just some 
of the key accomplishments and initiatives from the 


past year. 


BROADBAND ACCESS AND THE RRBA PROGRAM | 
Within CRC mandate to explore broadband technologies, 
CRC established the Rural and Remote Broadband 
Access (RRBA) Program in 2002. This program is aimed 
at developing cost-effective technologies to help the 
governments goal of bringing broadband services to 
Canada’s rural and remote areas. Within the scope of the 
program, support was given to projects at CRC that would 
help deliver on this mandate. 


Projects that have received support as part of the 


RRBA program will be marked with a %? 


ing for the RRBA program over the past three years 


2002/03 


2003/04 2004/05 


BROADBAND ACTIVITIES 
» ¢ The joint CSA/CRC/industry Payload Flight Demonstra- 
° tion Program for Anik-F2 was completed with successful 
in-orbit tests in December 2004. The focus has now shift- 
ed to preparing for trials of the experimental on-board 


processor and providing technical support and guidance 


to Industry Canada’s National Satellite Initiative. This will 
also involve work to benefit from the Ka-band capacity 
credit that is being provided to the government for use in 


Northern Canada. 


¢ Research and development continues on Ka-band broad- 
band ground station technologies for mobile enterprise 
services. A prototype terminal incorporating a number of 


CRCs new technologies is under development. 


¢ CRC has demonstrated a new form of silica waveguides 
containing fluid-filled microchannels. These microchan- 
nels could be used for a broad range of new functions for 
photonic devices, including as an internal sensor, or as a 


chip cooling mechanism using microfluidics. 


¢ Research continued on real-time techniques for propa- 
gation fade compensation in an open-loop satellite link 


through frequency scaling of attenuation. 


e Work moved forward on the Microwave-Light Organized 
Network (MILTON) technology, which is designed to de- 
liver wireless broadband access in less populated areas. A 
successful on-going field trial of the technology was con- 
ducted in the Ottawa area with the installation of a hub in 


September 2004. 


%* 


Through the RRBA program, CRC 
actively participated in the formation 
of the new IEEE 802.22 Working 


Group. This group is working on 
international air-interface stan- 
dards for Wireless Regional Area 
Networks (WRAN), which are 
aimed at extending broadband 
access to the less densely populated 
rural areas. 


Research on the development of a digital television (DTV) 
based, interactive multimedia broadcasting system con- 
tinued this year. Extensive tests were conducted on the 
transmission of IP data over DTV channels and a DTV to 


Wi-Fi bridge was also demonstrated. 


RADIO SPECTRUM 

Potential improvement to coverage provided by the DIV 
Single Frequency Network (SFN) built in Ottawa by CRC 
with support from Canadian DTV (CDTV) was confirmed 
by field tests. The results of the tests showed that such a 
network could improve coverage and reduce the amount 
of spectrum required when compared to a conventional 


stand-alone transmitter. 


CRCS participation in the three-year Coalition Command 


Control and Communications Demonstration Environ- 


ment (CC3DE) Project Agreement through The Techni- 
cal Cooperation Program (TTCP) has led to concepts for 
robust distributed management and security for coali- 
tion networks. CRC has developed a prototype system 
that demonstrates the capability of an automated, policy 
driven method for controlling management traffic across 
national and coalition boundaries and over bandwidth 


constrained communication links. 


- In order to better understand the issue and to provide 


advice to Industry Canada on future regulations, the 
evaluation of the Interference Potential of PLC (Power Line 


Communications) Systems in the Frequency Range 1-80 


MHz has begun with modelling and simulation work. 


» Preliminary results of a study on digital multimedia broad- 


casting (DMB) and large-area coverage have shown the cov- 
erage improvements that could be expected if the system 
could operate in the VHF (195 MHz) band. This is done to 
investigate the possibility of using un-used TV channels for 


non-broadcasting services in remote and rural areas. 


Working with the University of Ottawa, CRC studied the 
potential of interference from 5 GHz Radio Local Area 
Networks (RLANs) on weather radar systems. This re- 
search will be used to provide input into the International 
Telecommunication Union (ITU) to help develop new 


international standards. 


The impact of applying reduced satellite spacing, as 
proposed by some satellite service providers in the United 
States, on the quality of service for Canadian broadcast 


systems is being investigated. 


Adaptive radio research is underway to explore wireless 
systems that exploit unused frequency spectrum in time 
and space, and dynamically adapt to the varied environ- 


ments and changing conditions. 


CRC is studying and has characterized Ultra Wideband 
(UWB) Emissions and has carried out measurements of 
path loss with a UWB source in order to further the un- 
derstanding of these issues and to support the develop- 


ment of future regulations by Industry Canada. 


DEFENCE COMMUNICATIONS 

CRC participated in two interoperability field trials for 
the Canadian Army under the NATO TACOMS Post- 
2000. These exercises took place in Europe, with teams 
from the Netherlands, France, Norway, the UK, Sweden 
and Canada. The results from this activity are having a 
significant impact on the acceptance of a new generation 
of NATO standards and on plans for multi-national NATO 
Army deployments. 


CRC’s participation in the three-year Coalition Command 
Controland Communications Demonstration Environment 
(CC3DE) Project Agreement through The Technical 
Cooperation Program (TTCP) has led to concepts for 
robust distributed management and security for coalition 


networks. CRC has developed a prototype system that 


demonstrates the capability of an automated, policy driven 


method for controlling management traffic across national 
and coalition boundaries and over bandwidth constrained 


communication links. 


To support Defence R@D Canada’s (DRDC) Software Based 
Radio activities, CRC has begun a new study to investigate 
the feasibility and design of a multi-band antenna feed 
horn and the related waveguide hardware as a retrofit to 


Canadian Navy ship-born satellite antennas. 


In work targeted at reliable communications for military 
operations in complex terrain, low complexity MIMO sig- 
nal processing algorithms have been developed which illus- 


trate the gains available using asynchronous transmissions. 


The development of the military version of the Spectrum 
Explorer was pursued by adding new signal processing 
algorithms for detecting and identifying additional classes 
of signals. Demonstrations and field trials were performed 
with the Canadian Forces and other friendly forces to bet- 
ter address the requirements of the Canadian Forces and 


its closest allies. 


Under DRDC'’s Technology Demonstration Program, 
CRC is carrying out a project to demonstrate advanced 
technologies aimed at enhancing the capabilities of the 
Canadian Forces’ tactical communication system. Work 
is focused on the development and implementation of 
a high-data-rate software radio modem, and of a mobile 


ad-hoc network architecture suitable for tactical systems. 


e In Partnership with DRDC Valcartier, a new project by 
CRC looking at military sensor networks is studying re- 
cent advances of small, low-cost, low-power, multifunc- 
tional wireless sensor nodes for communications over 


short distances. 


NETWORK SECURITY + PUBLIC SAFETY 

CRC is participating in the development of enhance- 
ments to the international satellite system for search 
and rescue (Cospas-Sarsat) and is setting up antennas 
to receive SAR signals from future navigation satellites 


(GPS, Glonass and Galileo). 


* CRC is working closely in the area of network security 
with Industry Canada and other Government depart- 
ments/agencies such Defence R&D Canada, the Canadian 
Security Establishment, National Research Council, RCMP 
and Public Safety Emergency Preparedness Canada. Pro- 
totype tools for network monitoring are currently being 
tested on the CRC in-house network and are also being 


considered for technology transfer. 


* Multiband - multi-protocol radio prototypes are being 
developed, based on the Software Defined Radio technology 
to address interoperability issues in public safety and 


emergency situations. 


* Research was conducted exploring advanced signal 
detection techniques to enhance wireless LAN security 
through the application of RF fingerprinting. RF Finger- 
printing will help to protect against hackers by screening 


out unauthorized users on wireless LANs. 


At the inaugural meeting of the Broadcasters’ Public Alerting 
Working Group in September 2004, CRC, in conjunction 
with e-Radio, presented a demonstration on the use of Radio 
Data Service (FM-RDS) for Public Alerting. An experimental 


FM station was set up at CRC for the occasion. 


* Work has continued on mobile ad hoc networks as a 
way for multiple organizations to communicate during 
emergency response and security operations. Techniques 
to prevent unauthorized users from joining a mobile ad- 
hoc network and to prevent wormhole attacks have been 


implemented for testing and evaluation. 


INTERNET + CONVERGENCE 

e A two-way high definition (HD) videoconference was 
established between CRC and the National Institute of 
Information and Communications Technology (NICT) of 
Japan. Several demonstrations using this technology were 
also done at international conferences during January in 


Hawaii (PTC 2005) and Bangkok (APAN). 


Considerable efforts were invested in the development 
and demonstration of a special application called 
Broadcast File Download, which illustrates digital 
audio broadcasting’s (DAB’s) potential to effectively 


deliver data files to mobile users. 


e A new version of FreeWRL was released to the Open- 
Source community and used to demonstrate shared vir- 
tual reality between CRC and Hawaii at the Conference of 


the Pacific Telecommunications Council. 


Emerging technology for digital video broadcasting 
on handheld devices (DVB-H) is being evaluated and 
compared to DAB/DMB for multimedia services to mobile 


and portable receivers. 


APPLICATIONS 

The Broadband Applications and Demonstration 
Laboratory (BADLAB) was used to host and facilitate vari- 
ous interactive multi-media events and demonstrations, 
such as the Virtual Classroom initiative, via broadband 
networks involving CA*net 4 and satellite links to remote 


and rural communities. 


CRC partnered with several organizations, including Tele- 
sat, to fulfill a contract with the European Space Agency 
to demonstrate telehealth and telesurgery applications via 


satellite in Canada. 


In collaboration with Defence R@D Canada and several 
private sector partners, CRC designed and implemented 
a high capacity wireless system to support the demon- 
stration of the remote surveillance and control of an un- 
manned air vehicle (UAV). The demonstration involved 
a UAV flying in Ottawa being monitored from a control 


station at CeBIT 2005 in Hanover, Germany. 


By partnering with Canada Health Infoway and others to 
plan and implement telehealth services in Northern Can- 
ada, satellite ground equipment developed by Canadian 
industry is now being installed. Initial demonstrations of 


these new services to potential users are planned in 2005. 


° The WISELab successfully supported the 2004 Atlantic 


Littoral ISR (Intelligence, Surveillance and Reconnaissance) 
Experiment (ALIX) in Gagetown, NB (CFB Gagetown) 


by using its broadband wireless network, providing 


interconnection among the various battlefield elements. 


OTHER ACTIVITIES 


COMMERCIALIZATION 

This year, CRC signed over 90 licensing agreements, col- 
laborative arrangements and contracting-in agreements. 
CRC research also generated eight new patents and 35 
new patent filings for 17 distinct technologies. With that, 
CRC remains one of the top government labs for technol- 
ogy transfer and for the percentage of R@D budget gen- 
erated through licensing. Some examples of this year’s 


technology transfer activities are: 


CRC has licensed its “SCARI Software Suite” for Software 


Defined Radio development to eight Canadian and foreign 


companies over the past fiscal year, and new licensing 


opportunities continue to develop. CRCs Advanced 
Radio Systems research team has also been in demand for 
providing courses, tutorials and technical support on SCA 


implementation and radio development. 


CRC’ Forward Error Correction (FEC) technologies have 
been licensed extensively both nationally and internationally. 
In the last fiscal year, two new patents were issued, and 
a new patent application was filed. FEC technologies are 
currently licensed to 49 Canadian and foreign companies, 


two of which obtained licenses during the last fiscal year. 


CRC recently signed a collaborative R@D agreement with 
India’s Center for Development of Telematics (CDOT), 
to further develop the Microwave-Light Organized Net- 
work (MILTON) technology. CDOT will also assist in the 
commercialization of this technology in India. This could 
mean significant IP revenues for CRC in India’s rapidly 
growing telecommunications market. CRC and C-DOT 
are also working with Wavesat, a Canadian company, on 


incorporating WiMAX technology into the MILTON system. 


On top of existing licenses with companies such as Dolby, 
Phillips and Panasonic, this year the CRC-SEAQ (System 
for the Evaluation of Audio Quality) software was licensed 
to 10 entities. These licenses are with companies includ- 


ing Canadian organizations like Ottawa-based Gennum 


and the University of Montreal, as well as foreign entities 


such as NASA and France Telecom. 


COLLABORATION + PARTNERSHIPS 

Every year, CRC continues to build on its strength, its abil- 
ity to make connections with organizations and research- 
ers across Canada and around the world. Once again this 
year, CRC has continued to develop new partnerships, and to 


strengthen existing ones. 


CANADIAN 


CRC supported trials of a new Real-time Emergency Man- 
agement System by Satellite (REMSAT) being developed 
by Telesat, and is participating in the development of ad- 


ditional, enhanced features in 2005. 


CRC continues to provide technical and program manage- 
g gs 


ment support of the CASCADE payload and the Enhanced 
Polar Outflow Probe (ePOP) payload on behalf of the 


Canadian Space Agency. 


The analysis of digital television transmission measure- 
ments done in Montreal was completed and shared with 
the CBC. The CBC will use these results to help in the 


launch of its HDTV service in Montreal. 


As a founding partner, CRC continues to be the lead on 
the Canada Network of Wireless Centres (CWCnet), a 
program designed to support the testing of new wireless 
technologies by small- and medium-sized enterprises 


(SMEs) at R&D sites across the country. 


Collaboration with the University of Ottawa and NRC has 


continued under an NSERC strategic grant on “Virtual 


Navigation in Image-Based Representations of Real World 


Environments”. The purpose of the project is to develop 


technologies to allow a person to virtually walk through a 
remote environment, based on a large collection of actual 


images of that site. 


CRC also provided scientific leadership in Canada and 


around the world through more than 250 publications 


®@ 


®@@ee 


this year. A list of these publications is available on the CRC 


Library’s website at: http://www. crc.ca/publications-library. 


INTERNATIONAL COLLABORATION 

CRC collaborated with ONERA (France), Politecnico di 
Milano (Italy), and CETUC (Brazil) under a European 
Space Agency contract to investigate earth-space propaga- 
tion fundamentals and impairment prediction modeling 


for tropical climates. 


A collaboration agreement with the National Science 
Council (NSC) of Taiwan on the design of monolithic 
microwave integrated circuits (MMICs) in the 60 GHz 
range continued this year. This is the second year of a 


three-year agreement with NSC. 


CRC began collaborating on three major European Union 
6th framework projects — B3G/4G, Public safety com- 
munications systems and intrusion/detection/security in 
wireless networks. The framework is the EU’s primary 


vehicle for funding R&D activities. 


The User-Controlled Lightpath Provisioning (UCLP) System 
developed jointly with the University of Ottawa under a 
contract awarded by CANARIE from their Directed Research 
Program was successfully deployed on CA*net 4. The UCLP 
System software was further enhanced under collaboration 
with the Technical University of Catalonia (UPC) in Spain 
and then used to carry out a live demonstration from the 


BADLAB in June 2004 to the EU delegation on e-Infrastructure. 


A series of audio subjective tests were completed to gather 
data to validate a new multichannel loudness meter 
developed at CRC. This loudness meter will be submitted 
to the ITU-R as a candidate technology for an international 


standard to be used by broadcasters around the world. 


CRC continued collaboration with European research labs 


in the area of signal processing, through participation in 


the EU COST-273 program — ‘Towards Mobile Broadband 


Multimedia Networks’. 


CRC signed a Memorandum of Cooperation (MOC) with 
the Hong Kong Wireless Technology Industry Association, 
which operates the Hong Kong Wireless Development 
Centre. This MOC allows CRC and WTIA to cooperate so 
that SMEs in Canada and Hong Kong can test out applica- 
tions on wireless platforms in each other’ territories (at a 


reasonable cost) and gain access to each other's markets. 


Corporate Activities 

Several multi-year projects have been instituted to up- 
grade the aging infrastructure at Shirleys Bay, including 
the campus electrical distribution system, the storm and 
sanitary sewer systems and the water distribution system. 
At the same time, programs are being put in place to train 
staff in safety related areas including fall arrest, working in 
confined spaces, hazardous spill cleanup, asbestos abate- 
ment and mould cleanup. These multi-year projects and 
training programs will make the Campus a safer place for 


its employees and visitors alike. 


CRC developed and launched the International Society 
Technologies (IST) R@D Network as part of its activities 
as the National Contact Point for the EU's IST Program. 
The system is aimed at sharing information with Canadian 
organizations interested in collaborative opportunities 
with European organizations. To date, over 200 Canadian 
organizations have signed up for the network through the 


web site at www.crc.ca/ist. 


This year brought the launch of CRC’ new external news- 
letter Eye on Technology. This web-based newsletter is pro- 
duced three times a year and provides readers with infor- 
mation about research activities at CRC. Following the first 
issue of Eye on Technology, released in March 2005, more 
than 100 new readers subscribed to the newsletter through 


the CRC web site. 
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FINANCES 


31.5 | Industry Canada - Operation 


3.1 | Industry Canada - Capital Assets 
0.4 | Industry Canada - Spectrum Research 


3.3 | DND - Research 


—_—_ 2.9 | Cost-recoverable Tenant Services 
——_ 1.7 | Contracting-In 

/___ 1.2 Licensing 

— Bb | CSA-CASCADE/CASSIOPE Mission | 
____| 2.4| DND - Research | 


Revenue Reported Under Other 
Government Departments (OGD) 


2004-05 CRC REVENUE 


24.3 | Direct Research 
5.1 | Research Support 
8.8 | Site Operations 


2.5 | Administration 

0.3 | Repayment Previous Contruction 
1,0 | Payment in Lieu of Taxes 
es 1,0 | CRC Construction Fund 

a 2 ; .1 | CSA-CASCADE/CASSIOPE ca 


2.4 | DND - Research 


Expenses Reported Under Other 
Government Departments (OGD) 


2004-05 CRC EXPENSES 


Notes: 

(1) CRC receives funding from a number of government and non- (2) Construction of the Laboratory for Photonic Components & 
government sources. In 2004-05, Industry Canada provided close to Systems Research will be completed in 2006-07. The $1.09M from 
75% of CRC’s funding. Other government funding was provided by —_ Industry Canada funds unutilized in 2004-05 will be expended in 
the Canadian Space Agency and the Department of National De- 2005-06 for the Photonics Laboratory construction. Construction of 
fence to carry out R&D, and to cover costs related to their tenancy —_ the RAATLab was completed this year. 

on the CRC campus. Revenue from the private sector is generated 

through the licensing of intellectual property and contracted R&D. 
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- About 
The Communications Research Centre Canada 


The Communications Research Centre Canada (CRC) is the 
leading federal laboratory for research and development 
(R&D) in advanced telecommunications. An agency of 
Industry Canada, CRC focuses on the technologies that 
form our nation’s basic communications - radio, satellite, 
broadcasting and fibre optics. Within these key areas, CRC 


works in collaboration with public, private and academic 
sectors, both in Canada and abroad. 


Through its many partnerships, CRC is bridging the gaps 
in Canada’s telecommunications sector. This means sharing 
our technical intelligence and providing independent 
advice to help shape public policies and regulations. 

It also reflects CRCs emphasis on assisting small- and 
medium-sized enterprises through technology transfer and 


commercialization. 


Most of all, CRC aims to innovate - to help shape the future 
of Canadian communications. CRCS talented research force 
is breaking down technology barriers to bring broadband 
services to all regions of Canada, especially under-served 
rural and remote areas. CRC is expanding Canadians’ access 
to education, healthcare and global business opportunities. 


Through innovation in communications, CRC is pushing the 
boundaries to create a better future for Canadians. 


- Message 


from The Chair 


Dynamic. Fast-paced. Innovative. 


These are just a few of the words that spring to mind when 
reflecting on this past year at the Communications Research Centre 
Canada (CRC). CRC is a federal laboratory whose excellence 

in telecommunications R@D not only has a great impact on 
Canadians, but also plays a key role in shaping applications of future 
communications technologies across the country and around the 


world. 


CRC provides communications technology expertise and advice to its 
government clients, primarily Industry Canada, the Canadian Space 
Agency and National Defence. Working closely with these clients and 
other organizations, CRC translates research into real solutions and 
contributes to sound decision-making on policies and standards - two 
qualities that make CRC an asset to its clients and partners. 


CRC had a number of notable technical achievements this year. 
MILTON, an experimental wireless access network designed to 
provide broadband services to remote areas, has been further 
developed by CRC and is now ready for field trials with industry. 
CRC was recognized for its advancements in Software Defined Radio 
(SDR), and now offers a complete portfolio of software tools for the 
development of SDR technology by industry. In the area of Digital 
Television, CRC has developed a datacasting system for data and 
multimedia transmission over digital television channels, for use in 
broadcasting as well as rural and remote broadband access. 


None of these accomplishments would have been possible without 
the commitment of CRC’ clients, employees and Board members. 
This team effort ensures CRCS position as Canada’s national centre of 


excellence for communications R&D. 


Congratulations to CRC for a successful year - it is an honour to work 
with such a committed and experienced team. 


Dr. Alan E. Winter 


+ Message é 
from [he President 


The past year has brought a flurry of technical achievements, 
recognition of the innovative talent of our staff and many positive 
changes for the Communications Research Centre Canada (CRC). 


Collaborative R@D remains at the heart of CRC. We have 

continued to work closely with our federal, industrial and academic 
partners towards the collective goal of advancing communications 
technologies in Canada. The recent launch of a new, national wireless 
partnership is just one example of the results this cooperative 
approach has yielded over the past year. As the following pages 
illustrate, CRC has produced many technological accomplishments 
that span the core areas of our expertise. CRC is proud to uphold its 
reputation as the Government of Canada’s number one laboratory for 
technology transfer to industry. 


Scientific achievements and discoveries are a team sport, and CRC’s 
roster of dedicated men and women and their collective hard work 
create a winning combination. Last October, we celebrated the 
achievements of those researchers whose inventions have gained 
distinction through the granting of Canadian, U.S. and worldwide 


patents. 


The year 2004 began with a new federal innovation agenda based on 
the theme, “Building a 21st Century Economy ”. The message was 
clear — Canada is striving to position itself among the world leaders 
in developing and applying path-breaking technologies of the 21st 
century, including information and communications technologies. 
The government also reinforced that we must do more to ensure that 
our scientific knowledge is converted to commercial success. 


CRC has embraced these ideas and is ready for the challenge. The 
importance of communications will inevitably grow and we must 
respond to the constant changes in our economic and technology 
environment. We look forward to playing a major role, along with 


our partners, knowing that our work is ultimately improving the 


quality of life for Canadians. 


J.G. (Gerry) Turcotte 


——— Technology 
Achievements 


Technologies for Rural and 
Remote Broadband Access 


In 2002, CRC launched the Rural and Remote 
Broadband Access (RRBA) Program to research 
and develop cost-effective technologies for bringing 
broadband services to Canada’s rural and remote areas. 


In 2003-2004, the RRBA Steering Committee awarded 
$830,000 in seed funding to 11 out of 16 project 
proposals submitted by CRC’s research groups. The 


year’s accomplishments included: 


Significant advances in reducing the cost of satellite 
earth terminals related to Ka-band technologies. 
These advances will enable field trials as Anik-F2 
Ka-band transponder capacity becomes available; 


Progress on the use of licence-exempt technologies 
for point-to-multipoint broadband distribution in the 
5 GHz range resulted in the MILTON (Microwave- 
Light Organized Network) system being readied for 
field trials; and, 


@ Advances in the area of broadband access through 
digital television (DTV). Next year, the DTV projects 
will be consolidated to develop a complete system 
prototype for demonstrations and field trials by 2007. 


Projects in the RRBAs third year will focus on: 


MILTON field trials for high-capacity broadband 


access in suburbs, rural towns and villages; 


WiFi® below | GHz for extension of the “hot spot” 
concept to less densely populated rural areas, for 


fixed and nomadic use; 


DTV-based broadband access for low-cost 
deployment of broadband in less densely populated 
rural areas using DTV receiving equipment; and, 


Ka-band 
technology to 


reduce the 

equipment and 
installation cost 

of broadband access 

earth terminals. CRC also 
provided technical support to 
two Industry Canada programs that are addressing the 
extension of broadband access to rural and remote areas 
— the Broadband for Rural and Northern Development 
pilot program and the National Satellite Initiative. 


Wireless Systems 


Spectrum — New research investigated adaptive 
approaches for spectrum use, particularly at 
frequencies below 1 GHz. The concept involves the 
use of non-contiguous unoccupied radio channels 

in which signal waveforms adapt to the propagation 
and interference environment. CRC researchers 
developed a flexible OFDM waveform concept that is 
highly suited to non-contiguous variable bandwidth 


operation. 


® Antenna research — Multi-layered antenna structures 
were developed to solve transmit/receive isolation 
issues for multi-beam antenna systems. Spatial power 
combining techniques were studied in collaboration 
with universities, and a high gain reflect array 
structure was developed to generate circularly 
polarized antenna for small satcom terminals. 


Broadband Services — Researchers continued to 
develop technology for the MILTON system, a new 
high-speed wireless link technology. Field trials will 
be conducted near Ottawa in 2004-05. Cognitive 
software, which includes interference mitigation, 
network control and power control, will be developed 
and tested in the second stage of the trial. 


™ Ultra Wideband (UWB) — Evaluation continued 

on the cumulative effects that UWB device 

emissions have on the ambient noise levels of the 
electromagnetic environment. An electromagnetic 
compatibility assessment methodology was developed 
to determine the potential interference of UWB 
devices on radio communication systems, and to 
measure potential interference of UWB on cell phone 
systems. 


= Multi-Input Multi-Output (MIMO) — CRC 
developed an experimental MIMO system for channel 
characterization and testing of signal processing 
concepts for mobile communications. Signal 
processing advances include the development of 
adaptive channel-tracking and iterative algorithms 
for high-capacity MIMO communications, and 

the evaluation of generic algorithms for multi-user 
detection using antenna arrays. MIMO systems 
promise capacity and performance gains for both 
civilian and military communications applications, 


particularly in urban areas. 


“For the Canadian broadcasting industry, 
CRC is a treasure-trove of world-class 

and globally-acknowledged expertise, 
internationally-accepted laboratory facilities 
and expert independent evaluation and 


testing facilities.” 


Broadcast Dialogue, November 2003 


Monolithic Microwave Integrated Circuit (MMIC) 
— CRC hosted three National Science Council 
researchers, in collaboration with Taiwan, to study 
efficiencies in delivering broadband services to rural 
and remote areas using 30 GHz satellite systems. The 
team developed several MMIC designs incorporating 
novel uniplanar structures that demonstrate the 
feasibility of producing much smaller integrated 
circuits. 


Software Defined Radio (SDR) — CRC continues 

to gain worldwide recognition for its expertise 

in SDR, a new radio technology that will help 

police, firefighters and other emergency personnel 
communicate with each other during a crisis. Since 
producing its open-source reference implementation 
of the Software Communications Architecture (SCA) 
in 2002, CRC has developed a complete portfolio of 
software tools for developing SDR technology. Within 
Canada and abroad, CRC has provided instructional 
courses to industry, licensed its tools and participated 
in the improvement of the SDR standards. 


Broadcasting and Interactive Digital Multimedia 


Digital Television Transmission — CRC conducted 
field tests in Montreal following similar ones in 
Ottawa to confirm the indoor reception quality 

of DTV within cities. The tests were performed 

in collaboration with the Canadian Broadcasting 
Corporation (CBC) and Canadian Digital Television. 


® Multiple Transmitter Networks — CRC continued 
working with the Advanced Television System 
Comunittee in the U.S. to develop a Recommended 
Practice for Design of Multiple Transmitter 
Networks. Once in place, these networks could 
significantly increase the coverage of digital television 
services, making it easier to implement multimedia 
broadcasting and other new services. 


™ Single Frequency Network — CRC installed 
the Digital Television Single Frequency Network 
in downtown Ottawa. This innovative network 
configuration could result in better DTV coverage 
using less spectrum. 


@ CRC-PREDICT — The CRC-PREDICT propagation 
model was further validated by comparing 
measurements with predicted contours and analyzing 
the discrepancies between the various versions of the 
CRC-PREDICT propagation model presently in use 
by licensees. The evaluation resulted in an improved 
version of the software that is more accurate. 


® CRC-COVLAB — CRC developed a new module 
in CRC-COVLAB coverage prediction software, 
accounting for antenna polarization and cross- 
polarization discrimination in the predictions. 


& Digital Audio Broadcasting (DAB) — CRC has 
completed the first version of an experimental DAB 
datacasting inserter called CRC-Dr.MUXLAB. This 
flexible platform allows development and testing 
of DAB datacasting applications and services. Its 
software-based architecture enables many typical DAB 
services to be generated and multiplexed on a single 
IC. 


= Compression Technology — CRC developed a 
new image compression algorithm based on a 
novel idea it calls Curved Wavelet Transform. This 
algorithm performs better than current compression 
technologies such as JPEG-2000. 


® Video-Telephony — CRC completed experiments to orders of magnitude faster than those currently 


examine the role of scene background, focal lengths, available with commercial optical switches. The 
and scene contents on perceived naturalness and potential applications for broadband optical networks 
sense-of-presence in stereoscopic video-telephony. are significant, including network re-configuration 


and fault restoration. 
® Digital Television (DTV) — CRC worked on 


the development of a DTV datacasting system 


a 


4 Fibre Fabrication — Ultra-long fused-tapered fibres 


to investigate data and multimedia transmission (up to 90 mm in length, 1 micron in diameter) have 
over digital television channels, for multimedia been successfully fabricated, in collaboration with 
broadcasting as well as rural and remote broadband local universities and government labs. Potential 
access applications. applications include the generation of frequency 


combs, used for frequency standards and broadband 


: . tical sources. 
Photonics Technologies a ta 


! Planar Lightwave Circuits (PLCs) — Material 
® Bragg Gratings — CRC developed a new process ‘ & Ceca ) . : : 

; ane ihy for PLCs have been developed and characterized 
to fabricate high-quality Bragg gratings in one ee 
=. and devices incorporating these optimized 
optical fibres and crystals. The 


materials are being designed and 
technique does not require ; : 
‘ fabricated for both in-house 

the target material to be , 
pie projects and outside clients. 
photosensitive in the OO kee! 
be Applications include 
traditional sense, nee 
rocess optimization 
making it useful for & : ee 
through refractive index 
high temperature ain: 
ers monitoring, Bragg 

sensor applications. eNO We De 7 
grating inscription and 


Mach-Zehnder devices 
for optical network 


The work resulted 
in five publications 
in international 


functions. 
peer-reviewed 
journals, three 
international peer- Network Security 


reviewed conference 
™ Research Network 


Systems (RNS) Prototype 
etwork Analysis and 


publications, the formal 
filing of one U.S. patent, 


a filing of a continuation 


onitoring — CRC continued 
in part on that patent, and the 8 


provisional filing of a third U.S. patent. to modify and enhance 


; ; : this monitoring tool, in 

Collaborations with several national as 
partnership with the 
Defence R@D Canada 


Information Operations 


and international labs have also been 
established. 


® Optical Switching — CRC has Section. Research on 


designed and fabricated prototype, 
waveguide switches to demonstrate 


active and passive 
monitoring focused on 


optical switching. These injection the use of the passive 


current-based switches have on-off network monitoring tools 


extinction ratios of better than 20dB and together with intrusion 


exhibit sub-microsecond switching times, several detection systems to obtain a 


real-time picture of network status under the threat 
of a cyber attack. This capability could alert defence 
organizations to a cyberwarfare situation, while 
helping civilian organizations protect critical network 


infrastructure. 


Mobile Ad Hoc Network (MANET) — CRC and 

the British Columbia Institute of Technology 
collaborated on the investigation, implementation 
and demonstration of MANET secure routing, as well 
as initial investigations into secure authentication 


techniques for entry to mobile ad hoc networks. 


Application Demonstrations 


Broadband Book Club — Two successful events took 
place in collaboration with Library and Archives 


Canada and school libraries across Canada. The 
Broadband Book Club is developing tools to provide 


broadband cross-Canada access to the Library communities and demonstrated key principles 
collections. These tools could also stimulate multi- for the future of large-scale broadband e-learning 
site, interactive discussion forums on Canadian The MusicGrid community included eight 
literature. Canadian schools located in Kangiqsualujjuaq 


and Buckingham (Quebec), Iqaluit (Nunavut), 


MusicGrid — The $1.6M CANARIE funded Gander and St. John’s (Newfoundland and 


MusicGrid program was successfully concluded Labrador), and Ottawa (Ontario) 

in March 2004. Using CA*net 4, MusicGrid 

enabled, expanded and enriched Canadian music Broadband Demonstrations — CRC managed 
education programs in urban, rural and remote the broadband applications demonstration for the 


Canadian Pavilion at the ITU 
World Telecom and World 
Summit on Information Society 
in 2003. Demonstrations 
showcased Canadian 
capabilities in tele-robotic 
surgery and tele-haptics, as 
well as jazz musicians from 
Newfoundland and Geneva 
playing together in real-time 


across the Atlantic Ocean 


Clients 


As the Canadian governments primary laboratory 
for advanced communications R&D, CRC provides 
valuable technical expertise to its main government 
clients: Industry Canada, Department of National 
Defence and the Canadian Space Agency. 


CRC also works with other government departments 

on global communications technology issues and 
challenges. Its partners include Public Safety and 
Emergency Preparedness Canada, the Canadian Security 
Establishment, the Department of Foreign Affairs and 
International Trade, Agriculture and Agri-food Canada 
and the Federal Governments Science & Technology 
Integration Board. 


2003-2004 highlights: 
Industry Canada 


™@ CRC provided input for the new UWB, SDR and 
MIMO technologies described in this report. 


™ CRC completed technology development for 
the transmission of RF signals on optical fibre to 
eliminate re-modulation at the end of an optical fibre 
distribution system. 


® Work continued on the extension of the signal 
analysis and modulation recognition capabilities of 
the Spectrum Explorer™ for spectrum monitoring. 


™@ Research continued to improve DTV coverage 
without increasing transmitter power. Work focused 
on receiver capabilities in a multipath environment 
and their operation in the presence of on-channel 


repeaters. 


@ A digital audio broadcasting (DAB) receiver 
characterization program was set up to verify the 
performance of receivers arriving in Canada, and 
their optimal use within the Canadian DAB frequency 
allocation plan. 


Government 


@ Research was conducted on the development of 


low-cost satellite earth terminal antennas designed 

to use dual feeds or special reflectors to produce 
specific nulls in their pattern. The technology would 
accommodate closer satellite spacing in the 12 GHz 
Fixed Satellite Services band for satellite broadcasting 
(Star Choice). 


@ RF fingerprinting of wireless LAN is being developed 
as a means of enhancing wireless security. 


Department of National Defence (DND) 


™ CRC concluded a major study aimed at improving the 
efficiency of DND networks over protected military 
satellite systems. A network interface protocol has 
been implemented to provide application quality 
of service, improved file transfer response time and 
more efficient use of satellite bandwidth. 


® Trans-Atlantic demonstrations are providing valuable 
insight for the design of future global coalition 
networks. The experiments, conducted as part of 
the multinational Interoperable Networks for Secure 
Communications project, examined for the first time 
the technical and architectural issues associated with 
the migration from IPv4 to IPv6 for military use. 
The technical information will help DND develop a 
national response to recent policy directions for IPv6 
migration issued by the U.S. 


® CRC is investigating techniques to reduce interference 
between military tactical VHF/UHF radios co- 
located on mobile vehicles. In typical operations, 
close-in high-level RF signals from transmitters can 
prevent signal reception. Analysis of field-based 
measurements of antenna coupling of radios was 
completed and co-site radio interference mitigation 
techniques have been identified. 


® With Defence Research and Development Canada Ottawa, 
CRC is developing the Military Digital Analysis System 
(MiDAS-LD) spectrum measurement and monitoring 
technology under a $1.5M U.S. contract with the U.S. 
Marine Corps. An extension of the Spectrum Explorer™ 


| oe mer LS technology, the technology is better able to address 
1 A oo UI IF Pm] joe a4 | challenges in a tactical military environment. 
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® CRC’ WISELAB demonstrated an effective and 
reliable network-centric warfare broadband military 
communications system for the Canadian Forces 
Experimentation Centre. The system centred on an 
Uninhabited Airborne Vehicle and involved terrestrial, 


airborne and marine operations. 


Canadian Space Agency (CSA) 


CRC is providing CSA with program and technical 
expertise for the Payload Flight Demonstration Program. 
Launched in mid-2004, the Anik-F2 satellite will allow 
the use of advanced multimedia technologies capable of 
providing high-speed services anywhere in Canada. 


®™ Under a $2M Memorandum of Understanding with CSA, 
CRC is providing program and technical management 
support for the new four-year CSA/Technology 
Partnerships Canada Cascade Payload Technology 


Demonstration Program. CRC% efforts will be directed 
towards the CASSIOPE mission, a joint Canadian science 


and telecommunications mission scheduled to fly in 2007. 


Commercialization 
From the labs to the Market 


CRC is shaping the future of global telecommunications 
and transforming technology and knowledge into 
commercial opportunities for Canadian companies. 


CRC continues to maintain a solid revenue stream, 
despite the global downturn in telecommunications. 
During 2003-04, CRC earned $2.43M through an active 
program of technology licensing, contracted research 
and industrial collaborations with some 212 companies. 


Companies benefited from CRC’s expertise and 
technologies in several areas, including: advanced 
error correcting techniques; modem technology; 
Spectrum Explorer™; RF propagation prediction 
software; linear power amplifier technology; fibre Bragg 
gratings; optical couplers; web-based training soltware; 
helium speech processing; rectenna technology; bus 
safety technology; HF block equalization; CRC-FRC, 
(a video frame rate conversion algorithm); CRC- 

SEAQ (audio quality assessment); CRC-COVLAB, 

(a broadcast coverage prediction software); Software 
Communications Architecture for Software Defined 
Radio; electromagnetic scanning; and, video testing. 


The total of 427 active agreements are with 
the following types of clients: 


agreements with 


33 


Technology Transfer, Industrial 
Collaboration and Contracting-In 
Agreements 


During the period from March 31, 2003 to March 31, 
2004, CRC had 427 active technology transfer, industrial 
collaboration, and contracting-in agreements. 


330 licence agreements 


industrial collaboration 
agreements 


a 


- 27 contracting-in agreements 


International Public Organizations 


agreements with other 


Canadian Public Organizations 


agreements with 


Canadian Universities/Academia 


agreements with 59 JZ 


Canadian Government Departments 


agreements with Private Industry 299 


Licence Agreements 


| The fibre Bragg grating portfolio continued to be 
CRCS largest licence and royalty revenue generator, 
earning approximately $500,000 over the year. 
This total includes significant fees paid to CRC by 
its cross-licensing partner, United Technologies 
Corporation. UTC successfully implemented an 
enforcement licensing program, in partnership 

with CRC, through the retention of an intellectual 
property law firm (NSHN) in the U.S. NSHN signed 
licence agreements with Weatherford, Luna and K2 
Optronics and is currently negotiating with a fourth 


company. 


| Software for the subjective evaluation of audio quality 
testing (CRC-SEAQ) and CRC-COVLAB, a program 
for broadcast transmission analysis, continued to be 
licensed worldwide, generating $120,000 in revenues 
for CRC over the year. Major customers include 
Dolby Sound of the U.S. and Nippon NTT Telegraph 
Telephone of Japan. 


CRC-Predict radio propagation software is 
internationally recognized for its prediction accuracy. 
The software generated $128,000 in licence and 
royalty fees last year, and continues to be widely used 


by several organizations. 


CRCs patented advanced frame rate conversion 
technology (CRC-FRC) has been licensed to Algolith, 
a spin-off of Montreal-based Miranda Technologies. 
Algolith has integrated CRC-FRC into its specialized 
software — a “plug-in” for popular compositing and 
special effects software such as Apple’s Shake, Eyeon’s 
Digital Fusion, and Adobe After Effects. 


As a result of its expertise and international 
reputation in this field, CRC was selected by the 
SDR Forum in New York to develop the second 
version of the reference implementation of the SCA. 
CRCs proposal was endorsed by NASA, Rhode 
and Schwarz, Mercury Computer System, ISR 
Technologies and the U.S. Department of Defence 
Joint Tactical Radio System Project Office. 


= Growing interest in Software Defined Radio has 
resulted in several licences for CRC Software 
Communications Architecture (SCA), including ISR 


Technologies of Montreal (full version), Ottawa-based 
IP Unwired (baseline version), and Toronto-based 
Array Computer System (trial version). 


/CRC's Forward Error Correcting codes were licensed 


to several companies, including Advantech, Vistar, 
Square Peg, and Advanced Mobile Phones, to 
enhance the performance of their wireless products. 
The technology includes a newly developed Soft-In- 
Soft-Out decoding technique for block codes. 


A new version of Spectrum Explorer’s™ signal analyzer 
and modulation recognition software was developed 
and licensed to Interactive Circuits and Systems 

Ltd. of Ottawa. The company’ affiliate, SensorCom 
Inc., is integrating the software into a product being 
sold to a U.S. government organization. The military 
version of Spectrum Explorer™ was licensed to the 
U.S. military through a collaborative effort involving 
Defence Research and Development Canada - Ottawa. 
This multi-million-dollar project is expected to 
extend over several years as the system is customized 
to meet military requirements and evaluated for 


operational implementation. 


1 Two technologies — a direct Transmitter 


Compensation Technique and Linearization 
Technique for Power — have been licensed to 
Advantech AMT of Dorval (Quebec). 


British Technologies Group (BTG) International has 
licensed CRC’ fibre coupler portfolio as part of an 
assertion licensing program. Over the years, CRC has 
suspected widespread infringement of the patents, 
but has been unsuccessful in broadly licensing them. 
Reverse engineering conducted by CRC for BTG on 
infringing products has shown promising results 

and is expected to attract new licensees for this 
established CRC technology. 


= CRC collaborated with Skywave Mobile, Avendo 


Wireless, Redline Communications and other 
Canadian companies to develop advanced customized 
planar antennas. 


= CRC helped Genesis Microchip, Intel, NASA and 
other organizations test and evaluate advanced digital 
video systems and technologies. 


Patents 


As of March 31, 2004, CRC had: 


™ 226 active patents and applications 
covering 94 inventions that are either 
licensed or available for licensing 


™ 25 new patent applications filed and 11 
ents awarded 


patents were issued for the 
7) 


wing technologies: 

™ Method and Device for Reducing 
Polarization Dependence in an Optical 
Component or Optical System 


@ “Magic-Tee” for reduction in power 
loss and component size for microwave 
and millimetre wave antenna and RF 
subsystems 


™ Broadband Circularly Polarized 
Dielectric Resonator Antenna 


= Broadband Nonhomogeneous Multi- 
Segmented Dielectric Resonator Antenna 
System 


® Antenna Array Feed for Axially 
Symmetric and Offset Reflectors 


| File Transfer Using Facsimile Modem 


= Interpolation of an Image Sequence 
Using Object-Based Image Analysis 
(CRC-FRC — Advanced Frame Rate 


Converter) 


® Reducing Polarization Dependence 
in Optical Components using tilted 
gratings 


® A Method for Calibrating a Wideband 
Direction System (Spectrum Explorer™) 


® Bandwidth Reduction for Stereoscopic 
Imagery and Video Signals (3D TV) 


New patent applications were filed for 
the following technologies: 


® Amplifier linearization technique 


® Bit Rate Reduction in Audio Data 
Encoders 


4 Transmitter Identification System 
®™ Gimbaled Antenna Mounting Platform 


™ Bragg Grating and Method of Producing 
a Bragg Grating Using a Femtosecond 
Laser 


® Error correcting technique - Soft Input 
Soft Output Decoding for Linear Block 
Codes 


™ Radio beam processing using Thi 


Volume Hologram for Micro 
Frequencies 


| Estimation of Unreliabl 
Samples 


® Ultra-Wideband Mono -Dielectric 


Resonator Antenna 


» 
' OFDM Wireless System wit 
Bandwidth Efficiency 


' Channel Estimation/Characterization 
Technique for OFDM Wireless 


technique 


®™ Image and Video Compression using 


wavelets 


® Microwave chip size reduction — Size 
reduced Uniplanar Transmission Line 
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Networks. We had ready acce: pe 
research, world-class test facilities and 
even networking opportunities that were 
instrumental in bringing our Peer-to-Peer call 


processing software to the marketplace.” 


Mahshad Koohgoli 

President and CEO 

Nimcat Networks Inc., Ottawa 
Graduate of the CRC Innovation Centre 


Incubation — The CRC Innovation Centre 


For the past decade, the CRC Innovation Centre 
has worked closely with small- and medium-sized 
enterprises to build a strong Canadian economy. This 
unique facility helps young, dynamic companies to 
develop their potential through on-site technology 
incubation. Companies receive office space, access 
to unique test beds, facilities and expertise on a fee- 
for-service basis, as well as vital linkages to a gamut 
of services and funding. The Centre also accepts 
established companies requiring CRC expertise or 
facilities to carry out R&D on a new product. 


Since November 1994, 40 companies have benefited 
from the services and facilities provided through the 
Centre. Clients in 2003-2004 included: 


Bristol Aerospace Ltd. 

Data River Networks Inc. 
Electronic Test Centre 

EMS Technologies Inc. 

Gain Microwave Corp. 
GenieView Technologies Inc. 
Okulus Networks Inc. 
Nimceat Networks Inc. 


From coast-to-coast, CRC is assisting universities and 
other organizations in meeting their R@D objectives. 
Here are just a few examples: 


™ CRC and five major wireless centres founded the 


Canada Network of Wireless Centres (CWCNet ) — a 


resource for small- and medium-size enterprises to 
demonstrate and test products and services in a real- 
life environment. 


™ CRC is collaborating with the University of Ottawa 
and Université de Sherbrooke on opto-electronics 
research. 


@ CRC worked with the Memorial University of 
Newfoundland, National Research Council, 


Collaboration: 
Educational Institutions and Other Organizations 


= 
& 


University of Ottawa, various Canadian school boards 
and conservatories from around the world to develop 
and evaluate music teaching using broadband 
technology (MusicGrid Project). 


In collaboration with Université Laval, CRC is 
studying techniques such as antenna diversity that 
would enable digital television to deliver multimedia 
applications to portable devices. Using a broadcast 
transmission system would allow for more efficient 


spectrum use. 


™ CRC and Simon Fraser University provided C-Band 


satellite communications support to the B.C. Forest 
Protection Service during the 2003 fires in southern 
B.C., and to the 2003 Haughton Mars expedition on 


Devon Island. 


®™ CRC and the University of Ottawa are jointly 


developing a User-Controlled Lightpath Provisioning 
(UCLP) System, under a contract awarded by 
CANARIE. The UCLP System will enable end-to-end 
lightpath services to be deployed on the national 
CA*net 4 research and education network. The beta 
version of the UCLP System software was delivered 
to CANARIE in February 2004 and is currently 
undergoing acceptance testing. 


CRC, the University of Ottawa and the National 
Research Council received a $450,000 Strategic Grant 
award from the Natural Sciences and Engineering 
Research Council for a three-year research project 
studying “Virtual navigation using image-based 
rendering techniques”. 


Standards Bodies and Technical Committees 
ITU 


® CRC assumed international leadership roles within 
ITU-R, serving as Chair of the ITU-R Study Group 4 
dealing with Fixed Satellite Services and as vice-chair 
of the Working Party-6Q (Quality Assessment) and of 
Study Group 3 (propagation and HF systems). 


®™ CRC played a lead role in the Video Quality Expert 
Group on the evaluation of objective methods of 
picture quality assessment. This work resulted in the 
new ITU-R Recommendation “Objective perceptual 
video quality measurement techniques for standard 
definition digital broadcast television in the presence 
of a full reference”. 


@ AS part of ITU-R’ activities to develop a method DRRI, DRCG and CDTV 
to automatically measure audio loudness, CRC was 


selected to carry out subjective testing and generate CRC, Digital Radio Roll-out Inc. (DRRD), Digital Radio 
data to evaluate 10 proposed loudness meters. Co-ordinating Group (DRCG) and Canadian Digital 
CRC also conducted a comparative evaluation Television (CDTV) renewed their partnership to foster 
of the proposed meters and has proposed one the development of an efficient digital broadcasting 
that outperforms other proposed methods. The infrastructure and the introduction of innovative 
CRC’s proposal will become an interim ITU-R Services. 
recommendation. 
In addition to supporting U.S. and Canadian 
NATO companies in the evaluation of digital television 
(DTV) receivers for North America, CRC shared its 

® CRC contributed to NATO Ad Hoc Working Groups expertise with Shanghai Jiao University (China) and 
on V/UHF Communications, Beyond Line-of Sight Linx Electronics (U.S.) to evaluate a DTV system that 
Communications, and Multimedia Communications. could become a standard in China. 

@ CRC chaired the NATO Task Group on Power Line ® CRC held and chaired inaugural meetings for 
Communications Interference to study the effects of the DRCG Ad Hoc Joint Working Group on the 
emissions from power line communications on the compliance of Digital Audio Broadcasting (DAB) 

HF spectrum. receivers, and the Technical Group for DAB 


Datacasting demonstrations in Toronto. 


CRC represented Canada at the WorldDAB 
jeer Technical Committee meetings in Europe. 
A global centre of expertise in subjective 
assessments of video quality, CRC has 
conducted several subjective tests for external 


clients and international standards bodies. 
Radio Advisory Board of Canada (RABC) 


CRC chaired the RABC Licence-Exempt Sub- 
Committee (SC-B) dealing with fixed wireless 


communications issues 
ISO 


CRC and Philips are studying techniques to 
improve Philips’ new parametric audio coding 
system, a pending ISO/IEC international 


standard. 
IEEE 


CRC participated in working groups on 
the use of licence-exempt equipment in the 
V/UHE TV bands and on the development 
of a transmission standard for wireless 


metropolitan area networks. 


International Cooperation 


™ CRC became the Canadian National Contact 
Point for the Information and Communications 
Technology (ICT) sector in 2003-04. This role 
was transferred from the ICT branch of Industry 
Canada. Responsibilities included: gathering and 
disseminating information on international R@D 
opportunities; organizing RGD partnering events; 
and, in cooperation with the Department of Foreign 
Affairs and International Trade, the European 
Commission and others, facilitating over 20 R@D 
collaborative projects between Canadian and 
international public and private sector partners. 
CRC also led the Canadian delegation attending 
the annual European Union’s Information Society 
Technologies conference held in Milan, Italy. 


CRC, NASA-Langley and Photronics Inc. fabricated 
specialty UV-induced fibre Bragg sensor gratings 

for use in systems that monitor atmospheric water 
vapour. The grating employed a special p-phase shift 
design that produced ultra narrow band “on-line” 
and “off-line” transmission bands which, under 
tension, could be tuned to the water absorption line 
of 946.0003 nm. 


™ CRC continues to represent Industry Canada at 
the APEC Telecommunications Working Group. 
Partnering with other Canadian stakeholders, CRC 
organized a successful IPv6 workshop for decision 
makers and regulators to discuss issues relating 
to the next-generation Internet. The workshop 
resulted in new sales and commercial opportunities 
with large Asian carriers for Hexago Inc., a small 
Sainte-Foy QC company that manufactures IPv6 
equipment. CRC also secured APEC funding for a 
Smart Communities workshop, and the Algonquin 
College in cooperation with the Ottawa Centre for 
Research and Innovation won a contract to organize 
the workshop. 


® Participating in the Technical Cooperation Program, 
CRC contributed a critical system component 
to help manage communications in a military 
coalition deployment. Under DRDC’s Defence 
Communications R@D Program, CRC developed 
a Low Bandwidth Manager (LBM) prototype that 
provides more capacity to end-user traffic by 
controlling traffic management over bandwidth— 
impoverished links such as satellite. Working with 
Australian and U.S. partners, the LBM was integrated 
into a policy-enabled Coalition Network Management 
System. The project published a series of technical 
reports upon its completion in early 2004 and held 
a final demonstration and field trial involving CRC, 
the U.S. Air Force Research Labs (Rome, New York), 
Defence Science and the Technology Organisation 
Laboratory in Australia. 


CRC participated in the Second Alliance Icing 
Research Study at Montreal's Mirabel Airport in 


collaboration with the Meteorological Service of 


Canada, Transport Canada, National Research 
Council, DRDC and several Canadian and U.S. 
universities and institutes. CRC’s objective was to 
improve propagation models at higher frequency 
bands by comparing information on atmospheric 


constituents with radiometer data. 


New collaborative agreements on radio propagation 
research were arranged with Eastern Asia University, 
Bangkok, Thailand, and the University of Cyprus, 
Nicosia. CRC renewed an existing agreement with 
Eindhoven University of Technology and Delft 
University in the Netherlands. 


Under Memoranda of Understanding with an 
intergovernmental framework for European 
cooperation in S@T research (EU CGOSDRERE 
contributed research results in Mobile Broadband 
Multimedia Networks (COST 273) and Propagation 
Impairment Mitigation for Millimetre Wave Systems 
(COST 280). 


- Special Guests 
and Qutreach 


CRC made presentations to several foreign 
delegations from Australia, Chile, China, Japan, India, 
Korea, Spain, Thailand and other countries, as well as 


to private companies from Canada and abroad. 


1 Two students from the Technical University of 


Catalonia met with CRC’ Broadband and Optical 
Networks team in March 2004 to discuss how 
CRCs network control strategy, developed with the 
University of Ottawa under CANARIE’ program, 
could be adapted to manage the network elements 
of Spain’s optical network testbed, i2CAT (UCLP 
Project). 


© In October 2003, eight journalists and editors from 


Europe’ top wireless and electronics publications 
toured CRCS facilities. In February 2004, CRC 
welcomed another group of 15 technology journalists, 
representing 1] European countries. 


= Along with the Canadian Radio-television and 


Telecommunications Commission, Industry Canada 
and Canadian Digital Television, CRC welcomed a 
large Korean delegation to discuss the future of DTV 
and digital multimedia broadcasting in Korea and 
Canada. 


Spain’s AD Telecom visited CRC for assistance in 
adapting its DTV technologies and products to the 
North American market. The company has expressed 
interest in collaborating on DTV datacasting. 


® Namho Hur, a visiting scientist from ETRI in Korea, 


a 


joined CRC for a year to work on view interpolation 
for Multiview 3D video systems. 


Professor Jong-Soo Seo, Director of the new Centre 
for Advanced Broadcasting Technology at Yonsei 
University in South Korea, spent one month at CRC 
to learn about broadcasting technologies from an 
established and recognized research organization. 


CRC’s Engine of Expertise 


CRC’ people form an 
engine of expertise that 
shares knowledge and 
technical advice in 
areas relevant to the 
Canadian and world 
economies. Numerous 
researchers have won 
awards for their publications 
and innovations leading to technology 

transfer and commercialization. Many have shared 
their expertise through conference and workshop 
presentations, technology demonstrations, and 
information sessions. 


Awards 


® Dr. Stephen Mihailov won the Under 40 Award for 
Researchers in Photonics from the National Capital 
Institute of Telecommunications for furthering the 
development of fibre Bragg grating components. He 
was presented with the award at the Ottawa Centre 


for Research and Innovation Awards Dinner on April 
7, 2004 


™ Barry Felstead was the first Canadian and the first 
non-American to receive the 2003 IEEE MILCOM 
Technical Achievement Award for significant technical 
contributions in military communications. 


™ CRC received two awards at the 2003 IEEE Broadcast 
Symposium, including the Scott Helt Memorial Award 
for the best paper published in the IEEE’s Transaction 
on Broadcasting. 


@ Executive Vice-President Veena Rawat received 
the prestigious “Woman of the Year” award from 
Canadian Women in Communications in February 
2004 for her outstanding leadership and support of 
the advancement of women. 


CRC Technology Transfer Office won a Leadership 
Award from the Federal Partners in Technology Transfer 
in May 2003 for its achievements in protecting and 


commercializing CRC’s intellectual property. 


Events 


# Louis Thibault, Research Manager for CRC’s Advanced 
Audio Systems group, demonstrated the latest research 
in DAB and DTV at the International Broadcast 


Convention in Amsterdam, September 2003. 


8 Collaboration between CRC, CBC, Telesat and CDTV 
resulted in the first HDTV transmission of a hockey 


game over the air in Ottawa. 


™ CRC demonstrated CRC-COVLITE at the Western 


Association of Broadcast Engineers annual conference in 


Edmonton. 


CRC continues to plan and shape the future of 
telecommunications and information technologies. In a 
world of constantly evolving innovation, it is important 
to anticipate change and prioritize RSD efforts 


accordingly. 


To meet this challenge, CRC consulted with Industry 
Canada, other major clients, board members and 
management, and identified six major strategic 
priorities: broadband access; radio spectrum, defence 


communications; network security and public safety; 


Internet a 


nd convergence; and, applications. These 


priorities were carefully developed to reflect both the 


changing 


elecommunications landscape and the needs 


of Canadians. They will drive CRC’ research program 


over the n 


ext three years. They will also provide a 


framework for CRC’ continued role in supporting 


public po 


licy and standards. 


Within the context of these priorities, CRC anticipates 
many exciting RGD projects over the coming year. Key 
research areas will include: 


* Continued development of Software Defined Radio 

= Evaluating the impact of Ultra Wideband 
Licence-exempt applications and spectrum efficiency 
Technologies for systems beyond 3G 


Broadband access to rural and remote communities using 
terrestrial and satellite technologies 


© Network management and security 


= DVB-RCT technology as a wireless return channel for 
interactive television 


HDRadio to add digital capabilities to existing AM and 
FM analog services 


Ongoing research related to convergence of digital 
broadcasting with other wireless technologies and 


services 


CRC is also upgrading laboratory facilities. The Research 
in Advanced Antenna Technologies Laboratory (RAATLab) 
is moving its near-field antenna measurement facility to 

a new lab over the coming year. Design and construction 
of a new laboratory wing for photonics-related research 

is also proceeding. The additional space will improve 

our workspace, enhance safety features and allow for the 


addition of new equipment. 


Since its early years, CRC reputation for technology 
transfer has grown steadily. CRC will continue to enhance 
and improve Canada’s score card for technology transfer 


and commercialization. 


Here’s to another successful year ahead! 


2003-2004 
Revenues and Expenses 


- ($ millions) 


REVENUE 
Industry Canada - Operations ............ce 33.81 
Industry Canada - Capital Assets .............0.. 477 
Industry Canada - Spectrum Research ............ 0.43 
DIN Dis Research. nae sreneteecccte kone, 3.46 
Cost-recoverable Tenant Services ................ oS 
GOR ACTING: Miyake ett eek tae ea eee rs 1.35 
ISIC EMS Ii) Gl oaeerteeweees nace cute care cee cee ae 1.41 
NO taleAre ern caee ee ere eee rete 48.02 


Revenue Reported under Other Government Departments (OGD) 


CSA - Payload Flight 


Demonstration Program..........:cccseeeceeens ZWeLZ 
DIN DY = RESEAICH eter ah nents cuca 3.03 
jotal OGD Reventies. =... 24.25 


TOTAEREVENUES Gee cern tearm 72.27 


EXPENSES 


DiKeGCRREScarcheenee eee eee 
Research oUOPOKe tes sce oe 
lotalRESealnc hips eee 


SING DETATIONS aca na erent en toast 

NCIS Ua UL Ol eae eee atte e eee ae eee Ae 
Repayment Previous Construction 
Payment in Lieu Of Tax@S oo... cceececcsceeeceeeeeeeeee 
CRC Construction Fund 


Expenses Reported under Other Government Departments (OGD) 


CSA - Payload Flight 


Demonstration Program ...........cccccscsceeceseseeee Z\,22 
DING) ROSCarchipeten outa ee ee are cine 5 3.03 

Nota EXPENSE See eet ac 24.25 
MOTADEXPENSES coerce as ere ne T2220 
Notes: 


(1) CRC receives funding from a number of government and non-government sources. In 2003-04, Industry Canada provided 54% of CRC’s funding. Other government 
funding was provided by the Canadian Space Agency and the Department of National Defence to carry out R&D, and to cover costs related to their residence on the 
CRC campus. Revenue from the private sector is generated through the licensing of intellectual property and contracted R&D 


(2) Construction will begin next year on the Laboratory for Photonic Components & Systems Research and will be completed in 2006-07. Other construction projects 
currently underway include the RAATLab and a number of Health & Safety projects, such as improvements to the electrical distribution system and the water 
distribution system. The costs of the Health & Safety projects are shared with the CRC Campus tenants and will be completed over a two year period. 


Board __ 
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—-Le Centre 


de recherches sur les Communications Canada 


Parmi les laboratoires fédéraux, le Centre de recherches sur 
les communications Canada (CRC) est le chef de file de la 
recherche et du développement (R-D) en télécommunications 
de pointe. Organisme d’Industrie Canada, le CRC fait 

porter l’essentiel de ses travaux sur les technologies qui 
constituent la base des communications de notre pays 

— les radiocommunications, les satellites, la radiodiffusion 

et les fibres optiques. Dans ces domaines cruciaux, le 

CRC collabore avec la population et les secteurs privé et 
universitaire, tant au Canada qu’a l’étranger. 


Grace a de nombreux partenariats, le CRC comble les 
lacunes dans le secteur des télécommunications du Canada. 
Pour ce faire, il partage son renseignement technique et 
fournit des conseils indépendants pour aider a modeler les 
politiques et reglements publics. Cette activité temoigne 
également de l’importance qu’accorde le CRC 4 aider les 
petites et moyennes entreprises grace au transfert et a la 
commercialisation de technologie. 


Mais avant tout, le CRC aime innover; il concourt ainsi 

a forger l'avenir des communications canadiennes. La 
talentueuse €quipe de chercheurs du CRC abat les obstacles 
technologiques pour amener les services a large bande a 
toutes les régions du Canada, principalement aux régions 
rurales et éloignées mal desservies. Le CRC élargit l’'accés des 
Canadiens a l'éducation, aux soins de santé et aux débouchés 


commerciaux mondiaux. 


Grace a l'innovation dans les communications, le CRC 
repousse les frontigres pour créer un meilleur avenir pour les 
Canadiens. 


Message 
du president du Conseil 


Dynamique, rapide, novateur 


Voila trois parmi tant d’autres qualificatifs qui viennent a l’esprit lorsque 
lon jette un regard sur l'année qui vient de s‘écouler au Centre de 
recherches sur les communications Canada (CRC). Le CRC, laboratoire 
fédéral qui excelle en R-D en télécommunications exerce une grande 
influence sur le quotidien des Canadiens, mais il joue également un réle 
crucial dans l’élaboration des applications des futures technologies de 


communication dans tout le pays et dans le monde entier. 


Le CRC fournit des services experts et des conseils en technologie 

des communications a ses clients gouvernementaux, principalement 
Industrie Canada, l'Agence spatiale canadienne et la Défense nationale. 
En étroite collaboration avec ces clients et d’autres organisations, le 
CRC concrétise la recherche en solutions et concourt a la saine prise de 
décisions en matiére de politiques et de normes — deux qualités qui font 
de lui un atout pour ses clients et partenaires. 


Cette année, le CRC s‘enorgueillit de plusieurs réalisations techniques 
dignes de mention. MILTON, un réseau expérimental a accés sans fil 
concu pour assurer des services a large bande a des régions éloignées, 

a été encore perfectionné par le CRC. Il est dorénavant prét a étre mis 

a lessai sur le terrain avec le secteur privé. Le CRC a été honoré pour 
les progres qu’il a réalisés dans le secteur de la radio réalisée par logiciel 
(RRL) et il offre désormais un portefeuille complet d’outils logiciels 
pour le développement de la technologie RRL par l'industrie. Dans le 
secteur de la télévision numérique, le CRC a mis au point un systéme de 
diffusion de données pour la transmission de données et la transmission 
multimédia au moyen des canaux de télévision numérique qui doit étre 
utilisé en radiodiffusion ainsi que pour l’accés a large bande dans les 
régions rurales et éloignées. 


Aucune de ces réalisations n’aurait été possible sans engagement des 
clients, des employés et des membres du Conseil du CRC. Ce travail 
d’équipe renforce la position du CRC en tant que centre national 
d’excellence de la R-D en communications du Canada. 


Mes félicitations au CRC pour une année couronnée de succes; c’est un 
honneur de travailler avec une équipe aussi dévouée et expérimentée. 


Alan E. Winter 


- Message 


du president 


Lannée derniére a produit une riche moisson de réalisations techniques et 
amené la reconnaissance du talent d’innovation de notre personnel et de 
nombreux changements favorables pour le Centre de recherches sur les 
communications Canada (CRC). 


La R-D concertée demeure l’essence du CRC. Nous avons continué 

de collaborer étroitement avec nos partenaires fédéraux, industriels et 
universitaires a la réalisation de l’objectif collectif qui consiste a faire 
progresser les technologies de communication au Canada. Le nouveau 
partenariat national qui vient d’étre conclu dans le domaine du sans fil n’est 
qu’un exemple parmi d'autres des résultats que cette approche concertée a 
produits l'année derniére. Comme le montrent les pages suivantes, le CRC 
senorgueillit de nombreuses réalisations technologiques dans tous nos 
principaux domaines de compétence. Le CRC fait fierement honneur a sa 
réputation d’étre le principal laboratoire du gouvernement du Canada pour le 
transfert de technologie a l'industrie. 


Les réalisations et les découvertes technologiques sont un sport collectif, et 
léquipe du CRC, composée d’hommes et de femmes dévoués, ainsi que le 
travail acharné quils abattent ensemble sont les ingrédients d’un combinaison 
gagnante. En octobre dernier, nous avons célébré les réalisations des 
chercheurs dont les inventions se sont distinguées en obtenant des brevets 
canadiens, américains et mondiaux. 


Lannée 2004 a démarré avec un nouveau programme fédéral d’innovation 
fondé sur le theme « Batir une économie du XXle siécle ». Le message était 
clair — le Canada s’efforce de se positionner parmi les chefs de file mondiaux 
en élaborant et en appliquant des technologies d’avant-garde du XxXle siecle, 
notamment des technologies de l'information et des communications. Le 
gouvernement a également réitéré avec force que nous devons déployer 
davantage d’efforts pour garantir que notre connaissance scientifique soit 


transformée en réussite commerciale. 


Le CRC a fait siennes ces idées et il est prét a relever le défi. Les 
communications gagneront inéluctablement en importance, et nous devons 
réagir a l’évolution constante de notre milieu économique et technologique. 
Nous nous apprétons a jouer un réle de premier plan, de concert avec nos 
partenaires, car nous savons que notre travail sert en fin de compte a améliorer 


la qualité de vie des Canadiens. 


J.G. (Gerry) Turcotte 


~~ Réalisations 
technologiques 


Technologies pour laccés a 
large bande en régions rurales 
et éloignées 


En 2002, le CRC a lancé le Programme d’accés 
a large bande en régions rurales et éloignées afin 
détudier et d’élaborer des technologies rentables 


permettant de mener a bien cette activité au Canada. 


En 2003-2004, le Comité directeur de ce Programme a 
accordé un financement de démarrage de 830 000 $ 

a 11 des 16 propositions de projet qui avaient été 
soumises par les groupes de recherche du CRC. Parmi 


les réalisations de cette année, citons : 


= les importantes percées réalisées pour réduire le 
cout des stations terrestres de télecommunications 
par satellite connexes aux technologies en bande Ka, 
grace auxquelles il sera possible d’effectuer des essais 
de terrain lorsque la capacité de répéteur en bande Ka 
dW Anik-F2 sera disponible; 


® les progrés accomplis dans l'utilisation de 

technologies exemptes de licence pour la distribution 

point-multipoints a large bande dans la gamme de 

5 GHz qui ont abouti a la préparation du systeme 
ILTON (Réseau structuré optique-micro-ondes) 

pour les essais de terrain; 


& les avancées dans le secteur de l’accés a large bande 
au moyen de la télévision numérique. Lannée 
prochaine, des projets de télévision numérique seront 


regroupés afin d’élaborer un prototype de systéme 
complet pour des démonstrations et des essais de 
terrain ici 2007. 


Au cours de la troisieme année du Programme, les 
projets d’accés a large bande en régions rurales et 

éloignées porteront principalement sur les aspects 
suivants : 


# essais de terrain de MILTON pour laccés 4 large 
bande a haute capacité dans les zones suburbaines, les 
villes et les villages ruraux; 


© la technologie Wi- 
Fi® a des fréquences 
inférieures a 1 GHz 
afin d’étendre le 
concept du « point 
chaud » a des régions 
rurales moins densément 
peuplées, pour une 
utilisation fixe et nomade; 


© lacces a large bande reposant sur la télévision 
numérique pour le déploiement a cout modique de 
la technologie a large bande dans les régions rurales 
moins densément peuplées au moyen de matériel 
récepteur de télévision numérique; 


® la technologie en bande Ka pour réduire le cotit de 
matériel et d'installation des stations terrestres d’accés 
a large bande. 


Le CRC a également fourni un soutien technique a 
deux programmes d'Industrie Canada qui s’attaquent 

a lélargissement de l’accés a large bande aux régions 
rurales et éloignées, en occurrence le Programme 
pilote rural et nordique de développement de services a 


large bande et |'Initiative nationale de satellite. 


Systemes sans fil 


1 Spectre — De nouveaux travaux de recherche 
ont porté sur l'étude d'une approche adaptative 
de l'utilisation du spectre, particuliérement a des 
fréquences inférieures a 1 GHz. Le concept implique 
Putilisation de canaux radio non contigus inoccupés 
dans lesquels les formes d’ondes du signal s’adaptent 
au milieu de propagation et d’interférence. Les 
chercheurs du CRC ont élaboré un concept de forme 
dondes OFDM flexible qui convient admirablement 
a l’exploitation d’une bande passante non contigué 
variable. 


Recherche sur les antennes — Des structures 
dantenne multicouches ont été élaborées pour régler 
les problemes d'isolation d’émission/réception pour 
les systemes d’antennes a faisceaux multiples. Des 


a 


al) 


techniques spatiales combinatrices de puissance ont 
été étudiées en collaboration avec des universités, 
et un réseau d’antennes réfléchissantes a gain élevé 
a été mis au point pour produire une antenne a 
polarisation circulaire pour les petites stations de 
télécommunications par satellite. 


| Services a large bande — Les chercheurs ont 


poursuivi la mise au point de technologies pour 

e systeme MILTON, une nouvelle technologie de 
iaison sans fil a grande vitesse. Des essais de terrain 
seront effectués pres d’Ottawa en 2004-2005. Un 
logiciel cognitif, qui comporte l’atténuation des 
interférences, le contréle du réseau et le contréle de 


la puissance sera élaboré et mis a l’essai lors de la 
seconde étape du test. 


Bande ultralarge — Lévaluation des effets cumulatifs 
que les émissions d’appareils a bande ultralarge 

ont sur les niveaux de bruit ambiant du milieu 
électromagnétique s'est poursuivie. Une méthode 
dévaluation de la compatibilité électromagnétique 


a été élaborée afin de déterminer l’interférence que 


canadienne de la radiodiffusion un trésor 


dexperts de classe et de renommée 
mondiales, des laboratoires reconnus a 
V’échelle internationale et des installations 


indépendantes d’essai et d’évaluation. » 


Broadcast Dialogue, Novembre 2003 


peuvent exercer les appareils a bande ultralarge sur 
les systemes de radiocommunication et pour mesurer 
linterférence éventuelle de la bande ultralarge sur les 
systemes de téléphonie cellulaire. 


© Multientrées-multisorties (MIMO) — Le CRC 


a élaboré un systeme MIMO expérimental pour 

la caractérisation des canaux et la mise a lessai 

des concepts de traitement du signal pour les 
communications mobiles. Les progres sur le plan du 
traitement du signal comprennent l’élaboration du 
pistage adaptatif du signal et d’algorithmes itératifs 
pour les communications MIMO a haute capacité 
ainsi que l’évaluation d’algorithmes génériques pour 
la détection multi-utilisateurs au moyen de réseaux 
d’antennes. Les systemes MIMO promettent des gains 
de capacité et de rendement pour les applications de 
communications civiles et militaires, particulierement 


en zones urbaines. 


Circuits intégrés monolithiques hyperfréquences 


(MMIC) — Le CRC a accueilli trois chercheurs du 
Conseil national des sciences, en collaboration 

avec Taiwan, pour étudier les gains defficacité 

dans la prestation de services a large bande a des 
régions rurales et éloignées au moyen de systemes 
de satellites 4 30 GHz. Léquipe a élaboré plusieurs 
concepts MMIC comprenant de nouvelles structures 
uniplanaires qui montrent qu’il est possible de 
produire des circuits intégrés bien plus petits. 


™ Radio réalisée par logiciel (RRL) — Le CRC continue de gagner 
une reconnaissance mondiale pour son expertise en RRL, une 
nouvelle technologie radio qui aidera la police, les pompiers et 
d’autre personnel d’intervention d’urgence a communiquer entre 
eux en situation de crise. Depuis quil a produit une mise en ceuvre 
de référence a exploitation libre de Architecture logicielle de 
communications (ALC) en 2002, le CRC a élaboré un portefeuille 
complet d'outils logiciels pour développer la technologie RRL. Au 
Canada comme a l’étranger, le CRC a donné des cours de formation 
a l'industrie, octroyé des licences pour ses outils et participé a 
lameélioration des normes RRL. 


Radiodiffusion et multimédias numériques interactifs 


® Transmission de la télévision numérique — Le CRC a effectué des 
essais de terrain 4 Montréal dans la foulée de tests semblables qui se 
sont déroulés a Ottawa afin de confirmer la qualité de réception de la 
télévision numérique a l’intérieur d’immeubles et de maisons dans les 
villes. Ces tests ont été menés en collaboration avec la Société Radio- 
Canada (SRC) et Canadian Digital Television. 


™ Réseaux a émetteurs multiples — Le CRC a poursuivi sa 
collaboration avec le Advanced Television System Committee aux 
Etats-Unis d’Amérique pour élaborer une pratique recommandeée pour 
la conception de réseaux a émetteurs multiples. Lorsqu’ils seront en 
place, ces réseaux pourront accroitre sensiblement la couverture des 
services de télévision numérique, ce qui facilitera la mise en ceuvre de 
la radiodiffusion multimédia et d’autres nouveaux services. 


® Réseau monofréquence — Le CRC a installé le réseau monofréquence 
de télévision numérique au centre-ville d’Ottawa. Ceite configuration 
de réseau novatrice pourrait résulter en une meilleure couverture de 
télévision numérique en utilisant une partie plus restreinte du spectre. 


™ CRC-PREDICT — Le modele de propagation CRC-PREDICT a 
été validé davantage; on a comparé a cette fin les mesures avec les 
contours prévus et analysé les écarts entre les diverses versions du 
modele de propagation CRC-PREDICT utilisé a !heure actuelle par les 
détenteurs de licence. Lévaluation a abouti a une version améliorée du 
logiciel, plus précise que la précédente. 


™ CRC-COVLAB —Le CRC a élaboré un nouveau module dans 
le logiciel de prédiction de couverture CRC-COVLAB qui tient 
compte de la polarisation de l’antenne et de la discrimination de la 
polarisation croisée dans les prédictions. 


Radiodiffusion sonore numérique — Le CRC a terminé la premiere 
version d’un inséreur de données expérimental pour radiodiffusion 
numérique appelé CRC-Dr.MUXLAB. Cette plateforme adaptable 
permet d’élaborer et de mettre a l’essai des applications et des services 
de diffusion de données par radiodiffusion sonore numérique. Son 


architecture qui repose sur un logiciel permet de produire et de 
multiplexer de nombreux services de radiodiffusion numérique 
typiques avec un seul PC. 


™ Technologie de compression — Le CRC a élaboré 
un nouvel algorithme de compression de l'image qui 
repose sur une nouvelle idée baptisée Transformation 
par ondelettes courbes. Cet algorithme a un meilleur 
rendement que les technologies de compression 
actuelles, notamment JPEG-2000. 


Visiophonie — Le CRC a terminé les expériences dont 
VPobjet était d’examiner le role que jouent l’arriére- 
fond de scéne, les longueurs de focale et le contenu 
des scénes sur le naturel percu et la sensation de 
présence en visiophonie stéréoscopique. 


® Télévision numérique — Le CRC a travaillé 
a lélaboration d'un systéme de diffusion des 
données par télévision numérique afin d’étudier 
la transmission de données et la transmission 
multimédia par canaux de télévision numérique pour 
la radiodiffusion multimédia ainsi que 
pour les applications d’accés a large 
bande dans les régions rurales 
et éloignées. 


Technologies 
photoniques 


= Réseaux de Bragg 
—Le CRC a mis au 
point un nouveau 
processus pour 
fabriquer des 
réseaux de Bragg 
de grande qualité 
en fibres optiques et 
cristaux. La technique 
nexige pas que le matériau 
cible soit photosensible au 
sens traditionnel, ce qui la rend 
utile pour des applications de détection 
a haute température. Le travail a abouti 
a cinq publications dans des revues 
internationales approuvées par des 
pairs, trois documents de conférence 
internationale approuvés par des 
pairs, la demande officielle dun brevet 
américain, la demande de continuation 
de ce brevet et la demande provisoire 
d'un troisiéme brevet américain. Des 
collaborations ont également été conclues avec 
plusieurs laboratoires nationaux et internationaux. 


= Commutation optique — Le CRC a élaboré et 
fabriqué des prototypes de commutateurs de type 


guide d’ondes pour faire la demonstration de la 
commutation optique. Ces commutateurs fondés 

sur le courant d’injection présentent des rapports 
d’extinction supérieurs a 20 dB et affichent des temps 
de commutation inférieurs a la micro-seconde:; ils 
sont donc plusieurs fois plus rapides que ceux qui 
sont actuellement disponibles dans les commutateurs 
optiques commerciaux. Les applications possibles 
pour les réseaux optiques a large bande sont 
importantes et comprennent notamment la 
reconfiguration de réseau et la correction des défauts. 


® Fabrication de fibres — Le CRC a réussi a fabriquer 
des fibres amincies par fusion ultralongues (mesurant 
jusqu’a 90 mm de long et 1 micron de diamétre) 
en collaboration avec les universités locales et les 
laboratoires gouvernementaux. Parmi les applications 
possibles, citons la production de peignes de fréquences 
utilisés pour les normes de fréquence et les 
sources optiques a large bande. 


© Circuits optiques planaires 
— Des matériaux pour les 
circuits optiques planaires 
ont été élaborés et 
caractérisés, et des 
appareils comportant ces 
matériaux optimisés sont 
en cours d’élaboration 
et de fabrication pour 
des projets internes et 
des clients externes. Les 
applications comprennent 
Poptimisation des processus 
grace a la surveillance de 
Vindice de réfraction, linscription 
réseau de Bragg et les dispositifs 
fach-Zehnder pour les 
onctions de réseau optique. 


Sécurité des réseaux 


© Analyse et 
surveillance de réseaux 
au moyen de prototype 
de Systemes de réseaux 
de recherche (SRR) 
—Le CRC a continué de 
modifier et d’améliorer cet outil 
de surveillance en partenariat avec la 
Section des opérations de renseignement de R-D pour 
la Défense Canada. La recherche sur la surveillance 


active et passive portait principalement sur l'utilisation 
doutils de surveillance passive des réseaux avec 

des systemes de détection d’intrusion afin d’obtenir 
une image en temps réel de l’état du réseau menacé 

de cyber-attaque. Cette capacité pourrait alerter les 
organisations de défense a une situation de guerre 
cybernétique, tout en aidant les organisations civiles a 


protéger les infrastructures cruciales du réseau. 


Réseau mobile ad hoc (MANET) — Le CRC et le 
Institute of Technology de Colombie-Britannique 
ont collaboré a l'étude, a la mise en ceuvre et a la 
démonstration du routage sécurisé MANET ainsi 
qu’a l’étude initiale de techniques d’authentification 


sécurisée pour l’accés aux réseaux mobiles ad hoc. 


Démonstrations d’application 


Club de lecture a large bande — Deux activités 
meneées en collaboration avec Bibliotheque et 


Archives Canada et les bibliotheques scolaires de tout fit appel a CA*net 4, a permis de mettre en ceuvre, 
le Canada ont été couronnées de succés. Le Club de d’élargir et d’enrichir les programmes d’éducation 
lecture a large bande élabore des outils pour donner musicale canadiens dans des collectivités urbaines, 
un accés a large bande dans tout le Canada aux rurales et éloignées et a fait la démonstration des 
collections de la Bibliotheque. Ces outils pourraient principes clés pour l'avenir du cyber-apprentissage 
également stimuler des forums de discussion a large bande a grande échelle. La collectivité 
multisites interactifs sur la littérature canadienne. MusicGrid comprenait huit écoles canadiennes 
situées a Kangiqsualujjuaq et Buckingham (Québec), 
MusicGrid — Le programme MusicGrid, financé a Iqaluit (Nunavut), Gander et St. John’s (Terre-Neuve- 
hauteur de 1,6 million de dollars par CANARIE, a et-Labrador) et Ottawa (Ontario). 


été mené a bon terme en mars 2004. MusicGrid, qui 

Démonstrations de large 
bande — Le CRC a géré 

la démonstration des 
applications a large bande 
pour le Pavillon canadien a 
la Conférence mondiale de 
PUIT et au Sommet mondial 
sur la société de l'information 
en 2003. Ces démonstrations 
mettaient en valeur les 
capacités canadiennes en 
chirurgie télérobotique et en 
téléhaptique, et présentaient 
des musiciens de jazz de 
Terre-Neuve et de Geneve 
qui jouaient ensemble en 
temps réel par-dela locéan 
Atlantique. 


- Clients 


gouvernementaux 


Le CRC, en sa qualité de principal laboratoire du 
gouvernement canadien pour la R-D de pointe en 
communications, fournit une expertise technique 
précieuse a ses principaux clients gouvernementaux, 
en loccurrence Industrie Canada, le ministére de la 
Défense nationale et Agence spatiale canadienne. 


Le CRC collabore également avec d’autres ministéres a 
relever des enjeux et des défis mondiaux en technologie 
des communications. Parmi ses partenaires, il convient 
de citer Sécurité publique et Protection civile Canada, le 
milieu de la sécurité canadien, le ministére des Affaires 
étrangeres et du Commerce international, Agriculture et 
Agroalimentaire Canada et le Comité d’intégration des 
sciences et de la technologie du gouvernement fédéral. 


Points saillants de 2003-2004 : 
Industrie Canada 


® Le CRC a apporté son concours aux nouvelles 
technologies de bande ultralarge, de radio réalisée par 
logiciel et de multientrées-multisorties décrites dans 


le présent rapport. 


™ Le CRC a terminé l’élaboration d'une technologie 
pour la transmission de signaux radiofréquences 
par fibres optiques afin d’éliminer la remodulation 
a l’extrémité d’un systeme de distribution par fibres 


optiques. 


® Le travail s'est poursuivi sur l’'amélioration des 
capacités d’analyse des signaux et de reconnaissance 


MC 


de la modulation de Spectrum Explorer“ pour la 


surveillance du spectre. 


™ La recherche s'est poursuivie afin d’améliorer 
la couverture de télévision numérique sans 
augmenter la puissance de |’émetteur. Le travail 
a porté principalement sur les capacités des 
récepteurs dans un milieu a trajets multiples et 
sur son fonctionnement en présence de répéteurs 
fonctionnant sur le méme canal. 


1 Un programme de caractérisation de récepteur de 


radiodiffusion sonore numérique a été mis sur pied 
afin de vérifier le rendement des récepteurs arrivant 
au Canada et leur utilisation optimale dans le cadre 
du plan dallocation des fréquences de radiodiffusion 


sonore numérique canadien. 


# Une recherche a été effectuée sur la mise au point 


d’antennes de réception satellite pour station 
terriennes a cout modique concues pour utiliser un 
systeme d’alimentation double ou des réflecteurs 
spéciaux pour produire une réjection complete de 
signaux a des angles spécifiques. La technologie 
permettrait de réduire l’espacement entre les satellites 
dans la bande des services fixes par satellite de 12 
GHz pour la radiodiffusion par satellite (Star Choice). 


Lutilisation de signature spécifique pour réseaux 
locaux sans fil est en cours d’élaboration comme 
moyen d’améliorer la sécurité pour la transmission 


sans fil. 


Ministére de la Défense nationale (MDN) 


Le CRC a effectué une importante étude dont Vobjet 
était d’améliorer Vefficacité des réseaux du MDN 
utilisant des systemes de satellites militaires protégés. 
Un protocole d’interface de réseaux a été mis en 
ceuvre afin de garantir la qualité des applications du 
service, d’améliorer le temps de réponse au transfert 
de fichiers et @utiliser plus efficacement la bande 


passante des satellites. 


Les démonstrations transatlantiques fournissent des 
informations précieuses pour la conception de futurs 
réseaux de coalition mondiaux. Les expériences, 
effectuées dans le cadre du projet de Réseaux 
interopérables pour communications sécurisees 
examinaient pour la premiere fois les enjeux 
techniques et architecturaux afférents a la migration 
de IPv4 a IPv6 a des fins militaires. Linformation 
technique aidera le MDN a élaborer une réponse 
nationale a de récentes orientations stratégiques 
relatives a la migration sur [Pv6 émise par les Etats- 


Unis d’Amérique. 


® Le CRC étudie des techniques permettant de réduire 
Vinterférence entre les postes de radio VHF/UHF 
tactiques et militaires installés dans un méme véhic 
Lors d’opérations typiques, les signaux hertziens aute 
fréquence transmis par des émetteurs proches peuvent 
empécher la réception de signaux. Lanalyse de 
sur le terrain du couplage d’antenne des radi 


contrat de 1,5 millions de ith. amé ee" 
» laiteehnele 


~~ 
Agence spatiale 1s ORS ™ - 


®™ Le CRC fournit a PASC de Vexpertise en. zy 


techniques pour le Programme de démo 


charge utile des satellites. Lancé a la 


nimporte ov au Canada. 


Dans le cadre d'un protocole dentente de 


dollars conclu avec ASC, le CRC fournit utien. de ne" b et 


ia 

gestion de programmes et technique pour le nouveau we “eas 
Programme de démonstration de cchnolegiaited charge +>. ie 

utile Cascade mis en ceuvre conjointement , % 
sur quatre ans par l’ASC et Partenariats ry 

ie technologiques Canada. Les efforts du = ¥ 

= / CRC seront axés sur la mission CASSIOPE, 4 3 

une mission canadienne mixte de scien , 


et de telecommunications qui doit se 
dérouler en 2007. 


Commercialisation : 
Des laboratoires au Marche 


Le CRC forge l'avenir des télecommunications mondiales 
et transforme la technologie et le savoir en débouchés 
commerciaux pour les entreprises canadiennes. 


Le CRC continue a s’assurer des rentrées de fonds réguliéres, 
malgré le ralentissement mondial des télécommunications. 
En 2003-2004, le CRC a gagné 2,43 millions de dollars 
grace a un programme dynamique d’octroi de licences 

d exploitation de technologies, de recherche contractuelle et 
de collaborations industrielles avec quelque 212 entreprises. 


Des entreprises ont profité de l’expertise et des technologies 
du CRC dans plusieurs domaines, notamment : des 
techniques de correction d’erreurs de pointe; la technologie 
des modems; Spectrum Explorer“ le logiciel de prédiction 
de la propagation des ondes hertziennes; la technologie 
d’amplificateur linéaire de puissance; les réseaux de Bragg a 
fibres optiques; les optocoupleurs; les logiciels de formation 
sur Internet; le traitement de la voix en présence d’hélium; 

la technologie d’antennes redresseuses; la technologie de 
sécurité des autobus; l’égalisation par blocs en ondes courtes; 
CRC-FRC (un algorithme de conversion de la fréquence 
image pour le vidéo); CRC-SEAQ (évaluation de la qualité 
des signaux audio); CRC-COVLAB (un outil de prédiction de 
la couverture de radiodiffusion); une Architecture logicielle 
de communications pour la radio réalisée par logiciel; le 
balayage électromagnétique et les essais vidéo. 


Les 427 accords en vigueur ont été conclus 
avec les types de clients suivants : 


les accords avec 


Transfert de technologie, 
collaboration industrielle et 
contrats de recherche a l’interne 


Du 31mars 2003 au 31 mars 2004, le CRC avait 427 
contrats de transferts de technologie, de collaboration 
industrielle et de recherche a |interne en vigueur : 


330 accords de licence 


accords de collaboration 
industrielle 


ae 


27 accords de recherche interne 


33 


les organismes publics internationaux 


les accords avec les g 
autres organisations publiques canadiennes 


les accords avec 97 
les universités et colleges canadiens 


les accords avec les ministéres fédéraux 59 


les accords avec l'industrie privée 299 


Accords de licence 


1 Le portefeuille de réseaux de Bragg a fibres optiques 
continue d’étre le principal générateur de revenus 
de droits de licence et de redevances du CRC et a 
rapporté environ 500 000 $ au cours de l'année. Ce 
total comprend les droits importants versés au CRC par 
son partenaire de concession réciproque de licences, 
United Technologies Corporation. UTC a réussi a mettre 
en ceuvre et a faire respecter un programme d’octroi 
de licences en partenariat avec le CRC en retenant les 
services d’un cabinet d’avocats spécialisé en propriété 
intellectuelle (NSHN) aux Etats-Unis. NSHN a signé 
des accords de licence avec Weatherford, Luna et K2 
Optronics et est en train de négocier avec une quatriéme 
entreprise. 


* Le logiciel pour l’évaluation subjective de la qualité audio 
(CRC-SEAQ) et CRC-COVLAB, un programme d’analyse 
de couverture pour la radiodiffusion, ont continué d’étre 
fortement exploités sous licence a l’échelle mondiale 
et ont produit 120 000 $ de recettes pour le CRC au 
cours de l'année. Les principaux clients comprennent 
Dolby Sound des Etats-Unis et Nippon NTT Telegraph 
Telephone du Japon. 


Le logiciel de prédiction de la propagation des ondes 
hertziennes CRC-Predict est reconnu internationalement 
pour la précision de ses prédictions. Le logiciel a 
engendré 128 000 $ en droits de licence et redevances 
l'année dernieére et continue d’étre largement utilisé par 
plusieurs organisations. 


La technologie de pointe de conversion de fréquences 
d'images vidéo brevetée par le CRC (CRC-FRC) a été 
cédée sous licence a Algolith, une entreprise dérivée de 
Miranda Technologies, dont le siege se trouve a Montréal. 
Algolith a intégré CRC-FRC 4a son logiciel spécialisé — un 
module d’extension pour les logiciels de composition 
dimages et de trucage populaires tels que Shake de 
Apple, Digital Fusion de Eyeon et After Effects 7 Adobe. 


‘ En raison de son expertise et de la réputation dont il 
jouit au plan international dans ce domaine, le CRC 
a été choisi par le Software Defined Radio Forum de 
New York pour élaborer la deuxieme version de la mise 
en oeuvre de référence de l’Architecture logicielle de 
communications pout la radio réalisée par logiciel. La 
proposition du CRC a recu l’aval de la NASA, de Rhode 
and Schwarz, de Mercury Computer System, de ISR 
Technologies et du Joint Tactical Radio System Project 
Office du ministére américain de la Défense. 


| Lintérét croissant pour la radio réalisée par logiciel a 
abouti a loctroi de plusieurs licences pour l’Architecture 


logicielle de communications (SCA) du CRC, notamment 
a ISR Technologies de Montréal (version intégrale), IP 
Unwired dont le sige se trouve a Ottawa (version de 
base) et a Array Computer System de Toronto (version 
dessai). 


© Les codes de correction d’erreurs du CRC ont été 


octroyés sous licence a plusieurs entreprises, notamment 
Advantech, Vistar, Square Peg et Advanced Mobile 
Phones, afin d’améliorer le rendement de leurs produits 
sans fil. La technologie comprend une technique de 
décodage a plusieurs niveaux d’échantillonnage des 
entrées et sorties nouvellement élaborée pour des codes 


de type block. 


® Une nouvelle version du logiciel d’analyse des signaux et 


de reconnaissance de la modulation Spectrum Explorer“ 
a été mise au point et son exploitation a été octroyée sous 
licence a Interactive Circuits and Systems Ltd. d’Ottawa. 
La filiale de l'entreprise, SensorCom Inc., integre le 
logiciel a un produit qui est vendu a une organisation 
gouvernementale des Etats-Unis. La version militaire de 
Spectrum Explorer™© 
américaine dans le cadre d’un effort concerté impliquant 
Recherche et développement pour la défense Canada 
d’Ottawa. Ce projet de plusieurs millions de dollars 

doit s’étendre sur plusieurs années, au fur et a mesure 
que le systeme sera adapté pour satisfaire aux exigences 
militaires et évalué pour la mise en ceuvre opérationnelle. 


a été octroyée sous licence a l’armée 


' Deux technologies — une méthode de compensation 


pour émetteur a conversion de fréquence directe et 
une technique de linéarisation d’amplificateurs RF de 
puissance — ont été accordées par licence a Advantech 
AMT de Dorval (Québec). 


® British Technologies Group (BTG) International a octroyé 


des licences pour le portefeuille de coupleurs de fibres 
du CRC dans le cadre d’un programme d’assertion des 
licences. Au cours des années, le CRC a soupconné que 
la contrefacon des brevets était repandue, mais il n’avait 
pas réussi a les octroyer par licence a grande échelle. Une 
ingénierie inverse effectuée par le CRC pour BTG sur les 
produits contrefaits a produit des résultats prometteurs et 
devrait attirer de nouveaux titulaires de licence pour cette 
technologie établie du CRC. 


“ Le CRC a collaboré avec Skywave Mobile, Avendo 


Wireless, Redline Communications et d’autres entreprises 
canadiennes a l’élaboration d’antennes planaires 
personnalisées de pointe. 


i Le CRC a aidé Genesis Microchip, Intel, la NASA et 


dautres organisations a tester et a évaluer des systemes et 
des technologies vidéo numériques de pointe. 


Brevets 


Au 31 mars 2004, le CRC possédait : 


™ Deux cent vingt-six brevets et applications 
valides visant 94 inventions pour lesquelles 
une licence a été octroyée ou pour lesquelles 
une licence est disponible. 


® Vingt-cinq nouvelles demandes de brevet 
déposées et 11 brevets obtenus. 


és pour 


e méthode et un appareil de réduction 
de la dépendance a la polarisation pour les 
composants ou systémes optiques 


= « Magic-Tee » pour la réduction de la perte 
de puissance et de la taille des composants 
pour les antennes a hyperfréquences et a 
ondes millimétriques et les sous-systemes 


hertziens 


® Antenne de résonateur diélectrique large 
bande a polarisation circulaire 


™ Systeme d’antenne a résonateur diélectrique 
a large bande a multisegment (structure) non 
homogene 


® Réseau d’alimentation d’antenne pour 


réflecteurs symétriques et excentré 


© Transfert de fichiers au moyen d’un modem 


de télécopie 


® Méthode pour linterpolation temporelle 
dune séquence d'images en utilisant l’'analyse 
d'image basée sur les objets (CRC-FRC — 
convertisseur évolué de fréquence d'images) 


® Réduction de la dépendance a la polarisation 
pour les composants optiques utilisant des 
réseaux inclinés 


= Méthode pour calibrer un systeme 
directionnel a large bande (Spectrum 
Explorer“) 


™ Réduction de la largeur de bande 
pour l'imagerie et les signaux vidéo 
stéréoscopiques (télévision en trois 


dimensions) 


De nouveaux brevets ont été demandés pour 
les technologies suivantes : 


™ Technique de linéarisation des amplificateurs 


® Réduction du débit binaire dans les codeurs 
de données audio 


®@ Systeme identification d’émetteur 
® Plateforme de montage d’antenne a cardans 


™ Réseau de Bragg et méthode de production 
d'un réseau de Bragg au moyen d’un laser 
femtoseconde 


™ Technique de correction des erreurs 
— décodage a plusieurs niveaux d’entrées et 
sorties pour des codes de bloc linéaires 


® Traitement du faisceau radio au moyen d’un 
hologramme épais pour les hyperfréquences 
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par des experts, a des installations d’essais 
de classe mondiale et méme a des occasions 
de réseautage qui étaient essentielles pour 

amener les logiciels de traitement d’appel de 


poste a poste sur le marché. » 


Mahshad Koohgoli 
Président-directeur général 
Nimcat Networks Inc., Ottawa 


Diplomé du Centre d’innovation du CRC 


Incubation — Le Centre d’innovation du CRC 


Au cours de la derniére décennie, le Centre 
dinnovation du CRC a collaboré étroitement avec 

de petites et moyennes entreprises pour batir une 
économie canadienne forte. Cet établissement unique 
en son genre aide de jeunes entreprises dynamiques 
a donner leur plein rendement grace a l incubation 
de technologies sur place. Les entreprises obtiennent 
une espace de bureau, l’accés a des bancs d’essai, 

des installations et une expertise unique contre une 
rémunération a l’acte, ainsi que des liens cruciaux 
vers toute une gamme de services et de financement. 
Le Centre accepte également des entreprises établies 
qui ont besoin de lexpertise ou des installations du 
CRC pour effectuer leur R-D sur un nouveau produit. 


Depuis novembre 1994, 40 entreprises ont tiré parti 
des services et des installations fournis par le Centre. 
Parmi les clients de 2003-2004, nommons : 


Bristol Aerospace Ltd. 

Data River Networks Inc. 
Electronic Test Centre 

EMS Technologies Inc. 

Gain Microwave Corp. 
GenieView Technologies Inc. 
Okulus Networks Inc. 
Nimcat Networks Inc. 


Collaboration : 


Etablissements d enseignement et autres organisations 


D’un océan a l’autre, le CRC aide des universités et 
dautres organisations a atteindre leurs objectifs de R-D. 
En voici quelques exemples : 


= Le CRC et cinq grands centres sans fil ont fondé le 
Réseau des centres sans fil du Canada (CWCNet) 
— une ressource pour les petites et moyennes 
entreprises qui souhaitent faire la démonstration des 
produits et services et les tester dans un milieu réel. 


™ Le CRC collabore avec Université d’Ottawa et 
l'Université de Sherbrooke a la recherche en opto- 
électronique. 


™ Le CRC collabore avec l'Université Memorial de 
Terre-Neuve, le Conseil national de recherches du 
Canada, l'Université d’Ottawa, diverses commissions 
scolaires canadiennes et des conservatoires du 


monde entier a l’élaboration et a l’évaluation 
de lenseignement de la musique au moyen des 
techniques a large bande (projet MusicGrid). 


1 En collaboration avec l'Université Laval, le CRC 


étudie des techniques telles que la diversité 
d’antennes qui permettrait, grace a la télévision 
numérique, d’exploiter des applications multimédia 
sur des appareils portables. Lutilisation d’un systeme 
de radiodiffusion permettrait une utilisation plus 
efficace du spectre. 


®@ Le CRC et l'Université Simon Fraser ont fourni un 


service de communications par satellite en bande C 
comme support au Service des foréts de la Colombie- 
Britannique pendant les incendies qui ont ravagé 


le sud de la province en 2003, et a lexpédition 


Haughton Mars de 2003 sur ile Devon. 


& 


™ Le CRC et [Université d’Ottawa mettent au point 


conjointement un logiciel de systeme de canaux 
optiques controlé par les utilisateurs (COCU) aux 
termes d’un marché passé par CANARIE. Le systeme 
COCU permettra de fournir des services optiques de 
bout en bout sur le réseau national de recherche et 
denseignement CA*net 4. La version béta du logiciel 
COCU a été livrée a CANARIE en février 2004 et 
subit a Vheure actuelle les essais d’acceptation. 


Le CRC, l'Université d’Ottawa et le Conseil national 
de recherches du Canada ont recu une subvention 
stratégique de 450 000 $ du Conseil de recherches 
en sciences naturelles et en génie pour un projet 

de recherche de trois ans étudiant « la navigation 
virtuelle au moyen de techniques de rendu fondées 


sur l'image ». 


Organismes de normalisation et comités techniques 


UIT 


Le CRC joue un role de chef de file international au 
sein de PUITR, ot il assure la présidence du Groupe 
détude 4 de PUIT-R qui traite des services de satellite 
fixe, et la vice-présidence du Groupe de travail 6Q 
(évaluation de la qualité) et du Groupe 3 (propagation 
et systemes HF). 


™ Le CRC joue un réle de premier plan au sein du 


Video Quality Expert Group (groupe d’experts 

sur la qualité de la vidéo) chargé de l’évaluation 

de méthodes objectives d’évaluation de la 

qualité de image. Ce role a abouti a la nouvelle 
recommandation UIT-R « Techniques de mesure de la 
qualité vidéo percue pour la télévision numérique par 
cable en présence d’un signal de référence complet ». 


® Parmi les activités de l’'UIT-R pour le développement 
dune méthode permettant de mesurer 
automatiquement l’intensité sonore, le CRC a été 
choisi pour effectuer les essais subjectifs et produire 
des données permettant d’évaluer dix appareils de 
mesure de l’intensité sonore proposés. Le CRC a 
également effectué une évaluation comparative des 
appareils de mesure proposés et en a proposé un 
dont le rendement dépasse celui des autres méthodes 
proposées. La proposition du CRC fera l'objet dune 
recommandation intérimaire de PUIT-R. 


OTAN 


@ Le CRC a contribué au Groupe de travail ad hoc 
de POTAN sur les communications VHF/UHE les 
communications au-dela de la portée optique et les 
communications multimédia. 


™ Le CRC a présidé le Groupe de travail de POTAN sur 
linterférence avec les courants porteurs en ligne afin 
détudier les effets des courant porteurs sur le spectre 
HE 


DRRI, DRCG et CDTV 


Le CRC, Digital Radio Roll-out Inc. (DRRI), 
Digital Radio Co-ordinating Group (DRCG) et 


Canadian Digital Television (CDTV) ont renouvelé 
leur partenariat afin de favoriser la mise en place 
dune infrastructure efficace de radiodiffusion 


numérique et l’introduction de services novateurs. 


En plus d’accorder son appui a des entreprises 
américaines et canadiennes pour l’évaluation de 
récepteurs de télévision numérique pour Amérique 


du Nord, le CRC partage son expertise avec 


‘lUniversité Shanghai Jiao (Chine) et 


Linx Electronics (Etats-Unis d’Amérique) 
pour évaluer un systéme de télévision 
numérique qui pourrait devenir la norme 


en Chine. 


Le CRC a tenu et a présidé les réunions inaugurales 


du Comité de travail ad hoc mixte du DRCG sur 
la conformité des récepteurs de radiodiffusion 
numérique et le Groupe technique pour les 
démonstrations de transmission de données par 


radiodiffusion numérique a Toronto. 


Le CRC a représenté le Canada lors des réunions 

du Comité technique WorldDAB en Europe. Centre 
mondial d’expertise en évaluations subjectives de 

la qualité vidéo, le CRC a effectué plusieurs tests 
subjectifs pour des clients externes et des organismes 


de normalisation internationaux. 


Conseil consultatif canadien de la radio 


(CCCR) 


Le CRC a présidé le sous-comité de la radio 
exempte de licence du CCCR (SC-B) qui traite 
des questions relatives aux communications 


sans fil fixes. 
ISO 


Le CRC et Philips étudient des techniques 
destinées a améliorer le nouveau systeme 
d’encodage audio paramétrique de Philips qui 
est une norme internationale en attente de 


PISO/IEC. 
TEEE 


Le CRC a participé a des groupes de travail sur 
lutilisation de matériel exempt de licence dans 
les bandes VHF/UHF TV et a l’élaboration de 
normes de transmission pout les réseaux sans 


fil des zones urbaines 


Collaboration internationale 


* Le CRC est devenu le point de contact national 
canadien pour le secteur de la technologie de 
linformation et des communications en 2003-2004. 
Ce role lui a été transféré de la direction de la TIC 
d'Industrie Canada. Ses responsabilités sont les 
suivantes : collecte et diffusion d'information sur 

les possibilités de R-D internationales; organisation 
d’événements de R-D en partenariat; et, en 
collaboration avec le ministére des Affaires extérieures 
et du Commerce international, la Commission 
européenne et d’autres organismes, faciliter plus de 
20 projets de R-D concertés entre des partenaires des 
secteurs public et privé canadiens et internationaux. 
Le CRC a également dirigé la délégation canadienne 
participant a la conférence annuelle sur les 
technologies de la société de l'information de Union 
européenne qui s'est déroulée a Milan. 


® Le CRC, la NASA-Langley et Photronics Inc. 
ont fabriqué des réseaux de Bragg de détection 
induits a partir de rayons UV devant étre utilisés 
dans des systémes qui surveillent la vapeur d’eau 
atmosphérique. Le réseau faisait appel a un concept 
a décalage de phase ‘p’ spécial pour produire des 
bandes passante et non-passante ultra-étroites 
qui, sous tension, pouvaient étre réglées a la ligne 
d absorption de l'eau de 946,0003 nm. 


"= Le CRC a continué de représenter Industrie 
Canada au sein du Groupe de travail sur les 
telécommunications de APEC. En partenariat avec 
d’autres intervenants canadiens, le CRC a organisé 
un atelier fructueux sur l IPv6 a l'intention des 
décideurs et des autorités de réglementation afin 
d’examiner les questions afférentes a l’Internet 
de prochaine génération. Latelier a résulté en de 
nouvelles ventes et en des débouchés commerciaux 
avec les entreprises de télecommunications 
asiatiques pour Hexago Inc., une petite entreprise 
de Sainte-Foy (Québec) qui fabrique le matériel i 

IPv6. Le CRC a également obtenu un financement 

de APEC pour un atelier sur les Collectivités 

ingénieuses, et ’@quipe du College Algonquin et 

du Centre de recherche et d’innovation d’Ottawa a 


remporté un contrat pour organiser l’atelier. 


Me 
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® Le CRC a participé au Programme de coopération 
technique dans le cadre duquel il a contribué un 
composant de systeme crucial pour aider a gérer les 
communications lors du déploiement dune coalition 
militaire. Dans le cadre du Programme de recherche 
et de développement sur les communications 
pour la défense de RDDC, le CRC a élaboré un 
prototype de gestionnaire de bande passante étroite 
qui procure une plus grande capacité au trafic se 
rendant a l'utilisateur en contrélant la gestion du 
trafic sur des liaisons a bande passante réduite telles 
que celles sur les satellites. En collaboration avec 
des partenaires australiens et américains, le CRC a 
intégré le gestionnaire de bande passante étroite a 
un systeme de gestion de réseau de coalition valideé 


par une politique. Les responsables du projet ont 
publié une série de rapports techniques apres qu'il fut 
arrivé a terme, au début de 2004, et ont organisé une 
démonstration et un essai de terrain finaux auxquels 
ont participé le CRC, les U.S. Air Force Research Labs 
(Rome, New York), Defence Science et le Technology 
Organisation Laboratory en Australie. 


Le CRC a participé a la deuxiéme étude sur le givrage 
des aéronefs a l’aéroport Mirabel de Montréal, en 
collaboration avec le Service météorologique du 
Canada, Transports Canada, le Conseil national de 
recherches du Canada, RDDC et plusieurs universités 
et instituts canadiens et américains. Lobjectif du CRC 
était d’améliorer les modéles de propagation dans 


les bandes de fréquence plus élevées en comparant 
information sur les constituants atmosphériques 


avec les données radiométriques. 


De nouveaux accords de collaboration sur la 
recherche de la propagation radioélectrique ont été 

conclus avec la Eastern Asia University, de Bangkok, 
en Thailande et l'Université de Chypre a Nicosie. Le 
CRC a renouvelé un accord existant avec l'Université 
de technologie d’Eindhoven et Université de Delft 

aux Pays-Bas. 


Aux termes d’un Protocole d’entente avec un cadre 


intergouvernemental pour la coopération européenne 

e S&T (EU COST), le CRC a partagé les 

résultats de sa recherche sur les réseaux multimédia 
large bande (COST 273) et sur la 


diminution a la dégradation de la propagation pour 


en recherch 


mobiles a 


les systemes a ondes millimétriques (COST 280). 


Invites speciaux 


™ Le CRC a présenté des exposés a plusieurs délégations 
étrangeéres d’Australie, du Chili, de Chine, du Japon, 
de l’Inde, de la Corée, d’Espagne, de Thailande et 
d’autres pays ainsi qu’a des entreprises privées du 
Canada et de l’étranger. 


- 
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* Deux étudiants de Université technique de 
Catalogne ont rencontré l’équipe des services a large 
bande et des réseaux optiques du CRC en mars 2004 
afin d’étudier de quelle facon la stratégie de controle 
des réseaux du CRC, élaborée avec l'Université 
d’Ottawa dans le cadre du programme CANARIE, 
pourrait étre adaptée pour gérer les éléments de 
réseau du banc d’essai de réseau optique espagnol, 
i2CAT (projet UCLP). 


® En octobre 2003, huit journalistes et éditeurs des plus 
prestigieuses publications européennes consacrées au 
sans fil et a électronique ont visité les installations 
du CRC. En février 2004, le CRC a accueilli un autre 
groupe de 15 journalistes techniques représentants 11 


pays européens. 


De concert avec le Conseil de la radiodiffusion et 


i | 


des télecommunications canadiennes, Industrie 
Canada et Canadian Digital Television, le CRC a 
accueilli une importante délégation coréenne afin 
dexaminer l'avenir de la télévision numérique et de 
la radiodiffusion multimédia numérique en Corée et 


au Canada. 


@ AD Telecom d'Espagne a rendu visite au CRC pour 
obtenir de l'aide pour l’'adaptation de ses technologies 
et produits de télévision numérique au marché nord- 
américain. Lentreprise a manifesté de l’intérét pour 

la collaboration a la transmission des données par 


télévision numérique. 


® Namho Hur, un chercheur invité de PETRI en Corée, 
s’est joint au CRC pendant un an afin de travailler a 
Vinterpolation de la vue pour les systemes vidéo en 
trois dimensions Multiview. 


et rayonnement 
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directeur du nouveau 
Centre pour la 
technologie de 
radiodiffusion de pointe 
a Université Yonsei de 
Corée du Sud a passé 
un mois au CRC 

afin d’apprendre 

a connaitre les 
technologies de radiodiffusion 
d'une organisation de recherche établie et 
reconnue. 


Le moteur de |’expertise du CRC 


Le personnel du CRC constitue un moteur d’expertise 
qui partage le savoir et des conseils techniques dans des 
secteurs qui sont utiles aux Canadiens et aux économies 
mondiales. De nombreux chercheurs ont remporté des 
prix pour leurs publications menant au transfert et a 

la commercialisation de technologie. Bon nombre ont 
partagé leur expertise en présentant des exposés a des 
conférences et ateliers, en faisant des démonstrations de 


technologie et en tenant des séances d'information. 


Prix 


® Stephen Mihailov a remporté le Prix annuel du 

chercheur de moins de 40 ans dans le domaine de 
la photonique de l'Institut des télecommunications 
de la Capitale nationale pour avoir fait avancer le 
développement de composants de réseau de Bragg 
a fibres optiques. Son prix lui a été remis lors du 
repas de remise des prix du Centre de recherche et 
dinnovation d’Ottawa le 7 avril 2004. 


1 Barry Felstead a été le premier Canadien et le premier 
chercheur non Américain a remporter le IEEE 
MILCOM Technical Achievement Award de 2003 
pour ses contributions techniques importantes dans 


le domaine des communications militaires. 


e 


a remporté deux prix 
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Te 


prestigieux prix « 1 " de IAs 
canadienne des femmes en communications en 


février 2004 pour son leadership exceptionnel et son 


dévouement a la cause féminine. 


Le Bureau de transfert de technologie du CRC a recu le 
Prix du leadership des Partenaires fédéraux en transfert 
de technologie en mai 2003 pour ses réalisations dans le 
domaine de la protection et de la commercialisation de 


la propriété intellectuelle du CRC. 


Evénements 


® Louis Thibault, gestionnaire de recherche pour 
le Groupe des systémes audio de pointe a fait la 
démonstration de sa plus récente recherche en 
radiodiffusion numérique et télévision numérique lors 
de la Convention internationale de radiodiffusion a 


Amsterdam, en septembre 2003. 


™ La collaboration entre le CRC, la SRC, Télésat et CDTV 
a produit la premiére transmission par télévision a haute 
définition d'un match de hockey par la voie des ondes 


a Ottawa. 


® Le CRC a fait la démonstration de CRC-COVLITE a 
la conférence annuelle de la Western Association of 


Broadcast Engineers a Edmonton, 


Le CRC continue de planifier et de modeler l’avenir 
des technologies des télécommunications et de 
information. Dans un monde ot l'innovation est en 
constante évolution, il est important de prévoir le 
changement et d’accorder la priorité aux efforts de R-D 
en conséquence. 


Pour relever ce défi, le CRC a consulté Industrie 
Canada, les autres clients importants, les membres 
du Conseil d’administration et la direction et a 


déterminé six priorités stratégiques importantes : 


- Regard vers 


lavenir 


acces a large bande; le spectre des radiofréquences; 
les communications de défense; la sécurité des réseaux 
et la sécurité publique; l'Internet et la convergence; et 
les applications. Ces priorités ont été soigneusement 
élaborées de facon a tenir compte a la fois du paysage 
en mutation des télécommunications et des besoins 
des Canadiens. Elles seront le moteur du programme 
de recherche du CRC au cours des trois prochaines 
années et fourniront également un cadre pour le réle 
que le CRC continuera a jouer a l'appui des politiques 
et normes publiques. 


Ces priorités permettent au CRC de prévoir la concrétisation 
de nombreux projets passionnants de recherche et de 
développement au cours de la prochaine année. Les 
principaux domaines de recherche comprendront : 


™ La poursuite de l’élaboration de la radio réalisée par logiciel 
™ Lévaluation de l'impact de la bande ultralarge 


™ Les applications exemptes de licence et l’efficacité du 
spectre 


™ Les technologies pour les systémes au-dela de 3 G 


™ Laccés a large bande en collectivités rurales et éloignées au 
moyen de technologies terrestres et satellitaires 


™ La gestion et sécurité du réseau 


® La technologie DVB-RCT comme voie de retour sans fil 
pour la télévision interactive 


= La radio HD pour ajouter des capacités numériques aux 
services AM et FM analogiques existants 


™ La poursuite de la recherche afférente a la convergence de 
la radiodiffusion numérique avec d'autres technologies et 
services sans fil. 


Le CRC améliore également ses installations de laboratoire. 
Le Laboratoire de recherche sur les technologies des 
antennes de pointe (RAATLab) déménagera son installation 
de mesure pour le champ proche dans un nouveau 
laboratoire au cours de année prochaine. La conception et 
la construction dune nouyelle aile de laboratoire pour la 
recherche sur la photonique avancent également. espace 
supplémentaire accroitra notre espace de travail, améliorera 
les caractéristiques de sécurité et permettra d’ajouter du 


nouveau matériel. 


Depuis sa création, le Centre de recherches sur les 
communications a toujours excellé dans le domaine du 
transfert des technologies. Il continuera d’améliorer et de 
mettre en valeur les réalisations du Canada relativement au 
transfert des technologies et a la commercialisation. 


Puisse l'année prochaine étre également couronnée de succes! 


2003-2004 


Rapport financier 


RECEMES 
Industrie Canada - Opérations 0.0.0.0... 33,81 
Industrie Canada - Immobilisations................. Awa, 
Industrie Canada - Recherche sur le spectre... 0,43 
IAIDINT SARIEYOIVGNTCINE! soecssovedcsoencentcusscoveceeensocscsecser 3,46 
Services aux locataires - Cofits recouvrables.. 2,79 
lravaulxX interes aicontrat.....................- Lola 
HEGMCESaenwenrnnct wee one eireme Nome ten nent ae 1,41 
TO tall Sere eae ort ee eee a nena er eos 48,02 


Recettes signalées sous Autres ministeres 
ASC - Programme de démonstration 


de.charges utiles €N VOl incon k Rec I pide 
MDINEIREchench esas tere nents me rer cemae: 3,03 
Total Autres recettes...........ceseee 24,25 


OVAL REC EDS eevee aera nese yntane W221 


— (en millions de dollars) 


DEPENSES 


RECMETCNAIdIT@CLON erent nn eee lene niet e 23,74 
Soutien ale TECHeMChe ve cee cere era ccsuekee hace ca: By NS 

otaliReseatchee eee ee a 28,89 
Exploitation du site .... 10,00 
PNCIMUNESTATIO eee tee eee (eee ee nn cars 1,97 


Remboursement - travaux de construction antérieurs .... 0,30 
Paiement en remplacement d’impOt.........c.cececeeeeeee 1,01 
ROMUSECENCOMSUNU CH OMCUNG Clean =ennennn nese 5,85 


Dépenses signalées sous Autres ministéres 
ASC - Programme de démonstration 


ME "CHANGES MULES Cl VOlEe es era ete oe oe ZipzZ 
MIDN Recherch@t. comet es i ee es 3,03 
Total Autres d@penses .......cccccccessesceseeseesessesenee 24,25 


Notes: 


(1) Le CRC regoit des fonds de diverses sources tant publiques que privées. En 2003-2004, 54 % de ces fonds sont venus d'Industrie Canada. D'autres organismes 
gouvernementaux, comme |'Agence spatiale canadienne et le ministére de la Défense nationale, ont aussi consenti des fonds au CRC pour la recherche et le 
développement et la location d’installations sur le campus de Shirleys Bay. Les rentrées du secteur privé proviennent de |’octroi de licences relatives a des droits de 
propriété intellectuelle et de |'exécution de travaux de recherche et de développement 


(2) Les travaux de construction du Laboratoire de recherche en composants et en systemes photoniques commenceront |'année prochaine et se termineront en 2006-2007 
Les autres projets de construction en cours sont, entre autres, le RAATLab et un certain nombre de projets de santé et de sécurité, tels que l’amélioration des réseaux 
de distribution d’électricité et d'eau. Le codt des projets de santé et de sécurité est réparti entre les locataires du campus du CRC. La réalisation de ces projets 
nécessitera deux années. 
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Shirleys Bay Campus 


The Communications Research Centre is the custodian of the 
Shirleys Bay campus, a secure facility located in Ottawa's west end 
that comprises multiple laboratories of the Government of Canada. 


Enabling emergency communication across the facilities of 

CRC and its campus partners involves reaching roughly 1,600 
personnel over dispersed buildings via unique computer networks, 
each with distinct security requirements. Supported by the 
Canadian Innovation Commercialization Program of Public Works 
and Government Services Canada, CRC implemented a highly 
customizable public alerting system developed by a Canadian 
company. Along with advancing alerting capabilities on campus, 
the initiative serves to demonstrate the company’s expertise to 


other government departments. 


For additional copies of this publication, please contact one of the following: 


Communications Research Centre Canada 
Box 11490, Station H Ottawa ON K2H 8S2 | Phone: 613-991-3313 | Fax: 613-998-5355 | Email: info@crc.gc.ca | www.crc.gc.ca 
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Ottawa ON KIA OS5 | Telephone: 1-800-635-7943 or 613-941-5995 (local) | Fax: 1-800-565-7757 or 613-954-5779 (local) 
TTY: 1-800-465-7735 | Email: publications@tpsgc-pwgsc.gc.ca | www.publications.gc.ca 


Cat. No. lu105-2011 | ISSN 1910-3867 | IC No. 60933 


As President of the Communications Research Centre Canada (CRC), | am proud to present CRC 
Highlights 2010-2011. 


This past fiscal year, we marked the retirement of Dr. Veena Rawat from the federal public 
service. | am pleased to have this opportunity to thank her for her service and dedication to CRC, 
and for broadly promoting the organization. 


This is an exciting time in the information and communications technologies (ICT) sector, 
creating a range of opportunities and challenges across Canada’s unique telecommunications 
landscape. In urban centres, the introduction and adoption of mobile multimedia devices could 
outpace advancements to liberate spectrum, while in rural regions, the recently completed IEEE 
802.22 Wireless Regional Area Network (WRAN) Standard can extend broadband access to 
these sparsely populated areas. 


CRC has the capacity to create communication technology innovation starting from basic e 
science, all the way through to prototype development and field deployment / testing - effectively % 
covering all aspects of the technology innovation chain. We then close the loop with the initial 
science in order to deepen our understanding and refine our models. 


CRC will continue to exercise this capacity in meeting the needs of its clients. Over the next three 
years, we will be guided by our new CRC Strategic Plan: Strengthening Canada’s Excellence in 
ICT Research and Innovation. There will be some realignment as we better target CRC’s R&D 
and consolidate critical mass in its key strategic priority areas: spectrum research; defence, 
public safety and security; emerging network infrastructure; and ICT applications and adoption. 


The consultations we carried out in developing the strategic plan were characterized by quality 
comments from numerous clients. On behalf of the management and staff of CRC, we look 
forward to continued client interaction and collaboration. 


Jean Luc Bérubé Ph.D., P.Eng. 


The Communications Research Centre (CRC) is the federal government's primary laboratory 

for research and development in advanced telecommunications, and a centre of excellence 
“in information and communications technologies (ICT). Its capabilities cover satellite 
communications, terrestrial wireless communications systems, multimedia, broadcasting and 
broadband networks. 


« Research Staff: 241 
IP licensing and contracting-in revenue: $3.09 million 
Active IP licenses: 556 (30 new licences in 2010-2011) 
« Collaborative and contracting-in agreements: 116 (32 new agreements in 2010-2011) 


e Patents: 18 new patent applications; 8 new patents issued; 239 active patents and applications 
protecting 81 inventions 


* Scientific publications and conference papers: 287 


FINANCE 


REVENUE 
Industry Canada (36.2) 
Budget 2009 Modernizing 
Federal Laboratories 
Initiative (2.4) 
DND (7.9) 
Tenant Services (5.4) 
Other Government 
Departments (1.1) 
Contracting-in & Licensing 
(private industry) (2.0) 

TOTAL REVENUE 

$55M 


EXPENSES 
Research (32.0) 
Research Support (5.6) 
Administration (2.0) 
Campus Operations (12.3) 
Budget 2009 Modernizing 
Federal Laboratories 
Initiative (2.6) 

TOTAL EXPENSE 

$54.6M 
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TESTING NEXT GENERATION NETWORKS 


CRC added two mobile WiMAX evaluation networks to its existing broadband test network. The first 
includes three base stations and a fully integrated core network covering greater than 100 km?. The 
second consists of two base stations tied into a commercial core network in Montreal. What's more, 
CRC clients will benefit from the establishment of Canada’s first non-commercial Long-Term Evolution 
(LTE) experimental network, which is currently under way. 


ASSESSING COMPLIANCE WITH NEXT 
GENERATION NETWORK STANDARDS 


The International Telecommunication Union Radiocommunication sector (ITU-R) set the International 
Mobile Telecommunications Advanced (IMT-Advanced) requirements for 4G in 2009. In 2010-2011, 
CRC participated in the Canadian Evaluation Group (CEG) study, a joint government - industry - 
academia study evaluating IMT-Advanced technologies to verify compliance with minimum ITU-R 
requirements. CEG provided the results to Industry Canada’s Spectrum, Information Technologies and 
Telecommunications (SITT) sector. 


PROVIDING SPECTRUM MONITORING 
CAPABILITIES FOR G8/G20 SURVEILLANCE 


CRC provided 12 Spectrum Explorer® units with direction-finding capabilities to SITT for spectrum 
surveillance during the 2010 G8 and G20 summits in Ontario. The units helped ensure clear access to 
radio spectrum for public safety and security agencies. 


EVALUATING PROSPECTIVE FREQUENCY 
SHARING 


CRC developed a methodology for predicting attenuation and fading, as part of the ITU-R study of 
interference from broadcast satellite to fixed terrestrial. CRC’s work advances the ITU-R assessment 
of prospective inter-regional frequency sharing between broadcast satellites and the terrestrial fixed 
service at frequencies above 17 GHz. 


MITIGATING INTERFERENCE IN SHARED 
FREQUENCY BANDS 


Radio frequencies (RF) for industrial, scientific and medical (ISM) purposes are increasingly shared 
with communications devices. The problem is that ISM devices can produce electromagnetic 
interference that disrupts radio communication using the same frequency. CRC studied ISM band 
interference and provided the results to SITT for use as it develops new techniques for controlling 
ISM band interference. 


INVESTIGATING INTERFERENCE WITH 
CORAL - THE WIFI-BASED COGNITIVE RADIO 
DEVELOPMENT PLATFORM 


Researchers in Canada and around the world are using CORAL to investigate interference. The 
world’s first WiFi-based cognitive radio (CR) development platform, CORAL was developed by CRC. 
Doctoral students from Simon Fraser University, the University of British Columbia and the 
University of Ottawa are using the terminals to investigate the interference phenomena to 
which CR must adjust. SITT is interested in these results. International institutions are 
also using CORAL to study cognitive control of ISM band interference. 


ENABLING EFFICIENT USE OF SPECTRUM 


CRC is investigating radio concepts and techniques to enable adaptive spectrum access. The work 
involves the study of low-complexity spectrum sensing techniques designed to search for unused 


spectrum. 


CRC studied new channel coding techniques to boost the Advanced Television Systems Committee 
(ATSC) bit capacity in North America’s next generation broadcast system. One method examined 
provided a rate gain of approximately 30 percent. Increased data capacity for digital TV channels 
results in more efficient use of spectrum. 


CRC is working on a new video compression technology for the H.264 video compression 
standard. It provides 15 percent higher compression efficiency than the existing technology. Video 
compression is directly related to the efficient use of radio spectrum. The H.264 standard is widely 
used to stream audio and video over the Internet, deliver satellite and cable TV services, and more. 


CRC research into next generation audio coding is ongoing. Preliminary results point to significant 
improvements in compression. 


The IEEE 802.22 Wireless Regional Area Network (WRAN) Standard was completed in 2011 
after six years of shepherding by a CRC subject expert who served as vice-chair of the working 
group and lead editor of the 802.22 Standard. The resulting WRAN networks will be especially 
useful for extending broadband access to less densely populated areas such as rural and remote 
regions in Canada, in other developed countries, as well as in developing countries. The standard 
capitalizes on the favorable signal propagation characteristics of the VHF and UHF TV bands to 
provide service over an area typically extending 20 to 40 km from the base station, and up to 
100 km under exceptional propagation conditions. Each WRAN will use white spaces between 
occupied TV channels to deliver up to 22 Mbps per 6 MHz TV channel (proportionally higher 
capacity in 7 MHz and 8 MHz TV channels) without interfering with reception of existing TV 
broadcast stations. The standard incorporates advanced cognitive radio capabilities including RF 
sensing, geolocation via satellite or terrestrial means, and access to incumbent databases. CRC and 
a Canadian company developed the terrestrial geolocation technique used in this global standard. 


FOSTERING INNOVATION IN MOBILE 
BROADCASTING 


CRC researchers capitalized on their expertise in digital audio broadcasting (DAB), software defined 
radio (SDR) and the Android™ operating system to foster mobile broadcasting innovation. After seeing 
steady growth in the number of users of their free open source mmblools DAB software transmitter, 
they released the first independent FM-RDS radio decoding App on the Android market. The App, CRC 
FM TwoO, demonstrates the great potential for delivering new FM-based applications like interactive 
radio, traffic messaging or public alerting to smart phones. 


TESTING THE QUALITY OF MOBILE TV 


CRC established a new facility to measure the quality of mobile TV as per the Advanced Television 
Systems Committee mobile/handheld standard (ATSC M/H) serving North America. The test bed - 
equipped with an encoder, emulator, receivers and analyzers - accommodates individual mobile TV 
technologies and devices, as well as entire systems. 


ENABLING RDS AND RapioDNS 


CRC developed a coverage prediction methodology and engineering guidelines to assist broadcasters 
in deploying new Radio Data System (RDS) services in addition to their FM offerings. RDS allows 
EM broadcasters to enhance the radio experience by providing song titles, artist names, traffic 
updates and other information. An implementation of the recent hybrid radio standard, RadioDNS, 
demonstrates how even more advanced services can be deployed when they take advantage of the 
broadcast features of FM-RDS in combination with two-way 3G mobile communications. FM radio 
then becomes open to innovative enhancements such as CD cover art, radio tagging and more. 


EMPOWERING VIRTUAL INFRASTRUCTURES OF 
ICT RESOURCES 


CRC is developing software for virtually forming an infrastructure of ICT resources under the 
Infrastructure as a Service (laaS) framework. laaS provides a collection of tools that enable the 
range of services involved in sharing infrastructure: from set-up and management, to security and 
even web-based marketing for brokering slices of virtualized resources. laaS Core v1 enables the 
GreenStar Network, a Green IT pilot project running at CRC and partner locations. The upgrade, laaS 


Core v2, will be released in 2011. 


EXPERIMENTING WITH EMERGING 
TECHNOLOGIES: OpenFLow AND SDN 


CRC is implementing an OpenFlow test bed in its Virtual Infrastructure-based Services, Technology 
and Applications (VISTA) laboratory. OpenFlow is a software interface that enables advanced traffic 
management associated with Software Defined Networking (SDN). SDN is considered by some to 
be the next generation of the Internet. Researchers will use CRC’s OpenFlow nodes to participate 

n national and international projects such as the GreenStar Network, OpenLab and Ofelia in the 
European Union, and iGENI in the United States. CRC’s collaborators include l'Ecole de technologie 
supérieure in Quebec and l'Université du Québec a Montréal. 


COLLABORATING WITH DEFENCE RESEARCH 
AND DEVELOPMENT CANADA (DRDC) AND THE 
DEPARTMENT OF NATIONAL DEFENCE (DND) 


CRC is investigating network concepts and technologies for advanced high-frequency (HF) 
communications, concentrating on the particular challenges faced in northern and Arctic regions. 
The R&D involves assessing strategies to access the spectrum required for the proposed meshed- 
network architecture. Progress in 2010-2011 included the development of a test bed to evaluate 
performance. 


The Technical Cooperation Program (TTCP) is a multi-nation collaboration in defence science. 
CRC sits on two TTCP panels. Work includes the investigation of policies for dynamic use of 
radio spectrum in coalition operations, and of distributed network management for integration of 
dissimilar secure networks. 


* A self-healing autonomous sensor network, or SASNet, is an intelligent sensor surveillance system 
for military operation, border control and public safety operations. CRC researchers demonstrated 
SASNet's performance in different military scenarios at Empire Challenge 2010 in Arizona, and 
were invited back to EC 2011, where new features will be demonstrated. 


e 


CRC presented an authentication algorithm for wireless sensor networks to the NATO group 
addressing security for tactical wireless mobile ad hoc and sensor networks. 


Routing protocols are required to organize communications within a network of mobile nodes 
with different capabilities, including vehicles and soldiers who may be called upon to dismount. 
To this end, CRC developed the Hierarchical Optimized Link State Routing (HOLSR) protocol and 
researchers participated in Internet Engineering Task Force efforts to standardize HOLSR. 


CRC developed a test bed at X band for the Canadian Navy and DND’s Directorate of Space 
Development to experiment with and demonstrate modern broadband maritime communication 
systems in this segment of the spectrum’s microwave radio region. 


Photo: Department of National Defence 


° CRC demonstrated the capabil 


ties of the newly developed CRC-RayPredict, a 3D ray-tracing 


propagation modeling software that can locate clandestine transmitters. 


° Under a five-year Technology 


Demonstration Program project, CRC is applying software defined 


radio technology to develop a proof-of-concept for a flexible satellite payload. The flexible qualities 
will allow agility in user-bandwidth and power allocations. 


ANALYZING CANADA-U.S. BORDER COVERAGE 


CRC had a lead role in delivering a comprehensive Canada-U.S. border radio coverage study and gap 
analysis for Public Safety Canada. In work supported by DRDC’s Centre for Security Science, CRC 


carried out, in collaboration with 


an industry partner, an analysis of the radio frequency coverage 


along the border, and recommended technical solutions to fill the gaps. 


SEARCH AND R 


tracking (SARSAT) that will prov 


results. 


CONTINUING SUPPORT OF INTERNATIONAL 


ESCUE CONSORTIUM 


CRC is coordinating international trials on the third generation of search and rescue satellite-aided 


ide service over medium-earth-orbit (MEO) satellites. In 2010-2011 


researchers reported to international audiences on MEOSAR technology improvements and field trial 


DEVELOPING WIRELESS COMMUNICATION 
SYSTEM FOR CSA’S ROVER 


CRC is collaborating with the Canadian Space Agency (CSA) in CSA's development of mobile 

robots or “rovers” for exploring Mars, the Moon and other near-orbiting bodies. A wireless network 
developed by CRC will enable mobile broadband communication among rovers and with the control 
centre. In 2010-2011 CRC demonstrated a fully operational wireless network supporting typical rover- 


like scenarios and applications. 


BUILDING SATCOM GATEWAY FOR REMOTE 
LOCATIONS 


Progress continued on the development of a prototype for a rapidly deployable broadband satellite 
communications gateway to support deployment in ad hoc operations in northern Canada, or other 
remote locations in the world where Canada is involved. Design of the software defined radio platform 
and of the application controllers was completed in 2010-2011, in this CSA-supported project. 


ENHANCING QUALITY OF SURVEILLANCE VIDEO 


Video surveillance has become a key tool for public safety and security, but limitations in transmission 
bandwidth and the less-than-ideal conditions under which surveillance video is typically captured 
result in poor video quality that can hamper investigations. In 2010-2011, CRC signed a research 
contract with the Royal Canadian Mounted Police (RCMP) to optimize its outdoor video surveillance 


systems and enhance video quality. 


BRIEFING TRADE COMMISSIONERS ON 
CANADIAN CAPABILITIES IN IPTV 


Canadian capabilities in Internet protocol television (IPTV) are well known at CRC and now, trade 
commissioners who market CRC expertise around the world are familiar with Canada’s IPTV 
expertise. CRC provided the Department of Foreign Affairs and International Trade Canada (DFAIT) 
with a status report on IPTV for DFAIT trade commissioners. 


REPORTING ON THE TECHNICAL COMPLEXITIES 
OF LOUDNESS 


CRC contributed to the knowledge base supporting the Canadian Radio- 
television and Telecommunications Commission's (CRTC) public consultation 
on loud TV ads. In a report, CRC shared its insight into loudness control 
technologies and standardization efforts, including adoption of the ITU-R 
loudness meter, which was developed at CRC. In 2010-2011, CRC added a gating 
method to the loudness algorithm to factor out silent and very low-level signals 


from the loudness calculation. 


COLLABO 


RATING ON SMART GRIDS 


» Smart grids use information and communication technologies to better manage electrical networks. 
CanmetENERGY of Natural Resources Canada (NRCan) is the country’s leader in clean energy 
R&D. In 2010-2011 CRC and CanmetENERGY began exploring the use of wireless communication 
systems to remotely control smart grid devices installed in homes. The suitability of FM-RDS, the 


radio data system 


(RDS) communications protocol standard, is one possibility being assessed. 


* While the idea of power line communications (PLC) is not new, capitalizing on PLC for smart grid 
applications is in the early stages. PLC access to transformers, for example, could be a key factor in 


managing the grid. 


To this end, CRC studied a 1.8 GHz carrier for PLC and its applicability to smart 


grids. A CRC representative sits on the working group standardizing communications networks for 
smart grids in Canada. 


In other work: 


° A collaboration has been established with CanmetENERGY to develop a sapphire fibre-based 
sensor to monitor the temperature of CanmetENERGY’s entrained coal gasifier reactor. 


* CRC investigated 


optical sensor architectures based on integrated and fibre gratings for a range 


of applications including pressure sensors, as well as oxygen and hydrogen sensors for high 
temperature nuclear reactor monitoring, in partnership with Atomic Energy of Canada Ltd. 


STIMULATING CANADA’S COMMUNICATIONS 
SECTOR THROUGH TECHNOLOGY TRANSFER 
] 


AND PARTNERSHIPS 


? 
i 
H 
i 
V) 


DESIGNING AND ENHANCING MULTI-ANTENNA 
HANDSETS 


Given CRC’s cognitive radio work, its involvement in IEEE standards and its expertise in wireless 
circuits and antenna systems, researchers worked with a Canadian company on the design and 
performance enhancements of multi-antenna handsets. The collaboration also involved the University 
of Ontario Institute of Technology. 


SUPPORTING CANADIAN COMPANIES AS THEY 
EXPAND THEIR MARKETS 


CRC helped a Canadian software defined radio (SDR) platform manufacturer expand its market at the 
international level by providing its SDR software development suite and technical support. Helping the 
Canadian industry win business in this new market is crucial for growth. 


DEMONSTRATING TECHNOLOGY OF NEXT 
GENERATION OPTICAL NETWORKS 


In a CRC-Carleton University collaboration, researchers have demonstrated optical non-linearities in 
poled silica multi-layered structures. The ability to implement non-linear optical functionalities in a 
silicon-based photonic device platform has important implications for low-cost high-speed modulators 
and other components needed in next generation optical networks. Negotiations are under way with 
an industrial partner to further develop this potential. 


MEASURING SHOCK WAVE PROPAGATION 
WITHIN EXPLOSIVES 


Working with other research organizations, CRC developed an ultraviolet laser-induced fibre Bragg 
grating (FBG) sensor for measuring the detonation velocity within an explosive. The design of the FBG 
enables the technology to measure shock wave propagation within explosives over a longer distance. 
The technology was transferred to a Canadian company. 


ENHANCING THE 3D VIEWING EXPERIENCE 


Commercialization of CRC’s patent-pending “J-Display” is on the horizon. This novel stereoscopic 
3D display improves viewers’ sense of virtual reality. The J-Display features a curved surface that 
displays the lower portion of the subject, which a standard display cuts off. This “grounded” view 


makes the image appear more life-like. 


CRC has over 550 active intellectual property licenses worldwide with over 76 percent of active 
patents either licensed or sold - the highest such ratio for any Canadian government lab. Canadian 
industry has generated significant revenues from technologies transferred from CRC: estimated at 
$408 million in sales and 2040 jobs over the 2001-2010 time period. Since 2001, CRC research has 
also created 10 spin-off companies. In 2010, total sales for these 10 companies were $179 million, 
with 742 employees. CRC also operates an Innovation Centre that provides small and medium-sized 
Canadian enterprises (SMEs) with access to its facilities, technologies and expertise. In the past five 


years CRC has incubated 14 SMEs. 


CRC Impact Profile 2001-2010, Doyletech Corporation, 2011 


COMMERCIALIZING OTHER CRC TECHNOLOGIES 
IN 2010-2011 


CRC transferred its 2D-to-3D video conversion technology to a Canadian company that is using it in 
a new generation of mobile phones and hand-held devices. 


CRC supported a licensee incorporating its power amplifier linearization and direct transmitter self- 
calibration techniques In a new product that will be flown on the International Space Station. 


CRC conducted a detailed performance analysis of a high-power tactical radio in both urban and 
rural environments. 


CRC studied long-term evolution (LTE) technology for public safety applications under contract with 
a telecom provider. 


CRC delivered 80 WiFi cognitive radio terminals under collaboration or license agreements. 


CRC licensed its radio wave orthogonal frequency-division multiplexing (OFDM) and medium access 
control (MAC) protocol for wideband radio to a Canadian company. 


CRC showcased the commercial version of its loudness meter and its 2D-to-3D video conversion 
technologies, among other new broadcast technologies, at the two largest broadcast conferences in 


the world. 


AN NNN NN 


n P y | 
: uN 


Ww 


CONTRIBUTING TO INTERNATIONAL 
STANDARDS DEVELOPMENT 
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Experts from more than 20 countries attended the cyber security conferences RAID, VizSec and 
= vies eraser = rs va ae 
echnology Watch, co-hosted by CRC and Defence Research and Development Canada in 2010. This 
x 
as the first time these prestigious cyber security conferences were held in Canada. 
CRC researchers also contributed to numerous conferences, from chairing technical tracks and 
serving on scien program committees, io delivering papers, workshops and plenary remarks. The 
ge <3 ene OY pee a Pee a 
EE Vehicular Technology Conference C2010-Fall, was one highlight. Held in Ottawa, the location 
allaqyajan fo -PDC involvement in man aCeTS O ne nrosram 
apr aA FS Sees ee cits 4 (UIDM) Pier 
CRC joined the international research consortium High Performance Digital Media (HPDM) addressi 
ssues related to digital media applications and services requiring large-scale, high-resolution 
CRC was invited to become a member in COST-TERRA, the European Union (EU) group investigating 
= < noc Anon DiGe tn artUanceliehlLas 2] VA. Bacar 
Oen e radio embersnhip in this EU foruM DOSITIONS CARL tO advance CURAL — IIS VWIFI-DaSe€a 
-osnitive radio development platform - and to share the insight it gains with Industry Canada. 
= Re Pa oy Bs als el II). tha IEEE International Punamie Gneciriim 
Papers and presenta S ON CURAL \dl UYOFAIN CUIU: =) | Ba al a El hldtiOlldat Uytid OVECH U 
Access Networks symposium: ICT 2010: organized by the European Commission; and IEEE 
= SAV) ~ Lea BN ae Pore NE PT MO eS ae damonciration of 
rd cu a GUY CIrec1ice teatUlCu a uu U — c VLIUUCU Gd US Ullo Gui U 
CORAL) are returning results. Eighty terminals have been produced and sold to licensees or 
-ontributed to collaborators. Research institutions around the world, including Indias Centre for 
Fie me - Ree Fae een 
Development of Telematics are harnessing the power of CORAL. In 2010-2011 CDOT bega 
-ammercialization program employing the COR sysiem In rura reless applications. 


Awards presented in 2010-2011 included the following: 


- CRC’s Software Defined Radio (SDR) team was recognized with the Wireless Innovation 
Forum's International Achievement Award for furthering SDR technology on an international 
scale; 


The National Association of Broadcasters (NAB) presented CRC with the Technology 
Innovation Award 2011, in recognition of CRC’s exhibit at NAB 2011, featuring advanced 
projects in broadcasting technologies that are not yet commercialized; 


Under the Technical Cooperation Program (TTCP) multi-nation collaboration in defence 
science, a CRC researcher was recognized for a joint investigation of limitations and 
vulnerabilities of using the Broadband Global Area Network (BGAN) system on the Inmarsat 
commercial satellite network; 


Three CRC co-authors shared a best paper award at the 2010 International Symposium on 
Wireless Communications Systems; and 


- Two CRC co-authors shared the best paper award at the NATO Research and Technology 
Organization symposium, Military Communications and Networks. 
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Message from the President 


nformation and communications technologies (ICTs) 
represent one of the most powerful tools for enabling 
innovation. They are also an area where Canada 
excels internationally which is why the federal 
government’s Science & Technology Strategy and 

its pending Digital Economy Strategy highlight the 
importance of ICT to building a stronger and more 
competitive Canadian economy. 


As Canada’s largest public sector ICT research and 
commercialization institution, CRC plays a key role in 
accelerating the adoption of ICTs, including wireless 
networks and services, broadband networks and digital 
media, across a growing number of diverse sectors. 


A read through this year’s annual report provides a 
window into how CRC’s collaborations with its govern- 
ment clients and industry partners are overcoming 
barriers to the implementation of new technologies. 


In 2009-2010, CRC was proud to enhance its 
spectrum monitoring technology for deployment at the 
Olympic and Paralympic Winter Games in Vancouver 
to ensure interference-free use of spectrum by emer- 
gency services and others. 


This past year also saw our cognitive radio team 
invited to Singapore as one of the 10 cognitive radio 
technologies demonstrated. 


On the environmental front, a solar powered node has 
been established at CRC as part of the GreenStar 
Network — a project that aims to reduce greenhouse 
gas emissions from ICTs. In the area of healthcare, 
CRC’s participation in a virtual healthcare network is 
resulting in better training for medical students. 


CRC continued to work with industry partners in 2009- 
2010 to transfer promising technologies, including 
software defined radio. Its ability to download the 
software needed to process different signals is 


redefining wireless communication, and CRC has been at the 
forefront from its inception to its ongoing transfer to industry, 


Another technology — the world’s largest satellite-based 
mobile asset tracking systems — earned CRC and its 
industry partner an award from Federal Partners in 
Technology Transfer. 


It's particularly heartening to report that, for the first time 
since the high tech boom of the late 1990s, ICT start-ups 
tilled the CRC’s Innovation Centre. CRC will continue to support 
these emerging companies in identifying new products and 
global markets for innovative Canadian technologies. 


Responding to the needs of our clients and partners is a 
priority for CRC and this requires an adept understanding 
of the rapid technology changes happening world-wide. 
Towards this end, CRC is refocusing its Advisory Council 
to provide more targeted advice from government clients, 
industry and academia on the latest trends and oppor- 
tunities in our key technical areas: satellite, wireless, 
broadcasting and networks. 


Thank you to the Advisory Council members and our 
interim chairman Tom Hope for their commitment and 
advice over the past year. 


Thank you as well to our government clients, industry 
partners and staff. You have demonstrated time and 
again the power of ICTs to cut across sectors to improve 
Canada’s innovative capacity. There is still much work 
ahead, and through continued collaboration and excellent 
research, we will succeed in ensuring Canada’s leader- 
ship in the digital economy. 


Veena Rawat 


CRC R&D in advanced telecommunications provides insight that informs Industry Canada 
policy direction, regulatory decisions and program delivery. Commercialization of CRC 
R&D by Canadian companies and CRC support of international standards development 
help fuel the country’s economy through the increased adoption of ICTs. 


Cyber security is a major concem of industries and governments 
alike. Building on earlier work that tracks computer attacks, the CRC is focusing on the more complex 
and rampant problem of malware — malicious software designed to infiltrate a computer system 
without the owner's consent. The CRC is using its Automatic Experimentation System (AES) tool to 
simulate a real network made up of virtual computers and virtual connections — a virtual “sandbox” in 
which malware can unleash its attack for the benefit of research. 


The CRC supports Industry 
Canada in ensuring both the effective and efficient use of radio frequency spectrum, and emergency 
telecommunications services. Industry Canada’s Vancouver regional office used Spectrum Explorer® 
—CRC’s suite of radio frequency spectrum monitoring and surveillance technologies — to provide 
spectrum management and interference mitigation at the 2010 Olympic and Paralympic Winter 


Games in Vancouver. 


Spectrum management staff operate the mobile version of Spectrum Explorer® in Whistler, B.C. 
Photo courtesy of Industry Canada Pacific Region 


The CRC carried out tests to study over-the-air DTV reception. Using 
Quebec City as its test site (the technical configuration in the region is ideal, with adjacent analogue and digital chan- 
nels that transmit from the same location), it was found that small “DTV-ready” antennas sold to consumers of over- 


the-air television are not very efficient at VHF frequencies. 


Worldwide Interoperability for Microwave Access (WiMAX) technologies 
are at the forefront of both fixed and mobile broadband wireless access, In 2009-2010, CRC researchers conducted field 
tests to evaluate the performance of HDTV video transmission over WiMAX networks. The CRC set up a WiMAX test 
network and managed the broadcast of the video clips. A frame-by-frame analysis determined that fixed WiMAX — the 


focus of this initial phase of the study — performs well in carrying high bandwidth, low latency applications. 


In another study, researchers investigated the performance of HDTV over an Internet protocol television (IPTV) 
network, and demonstrated how the quality of the signal could be assured. 


| WISELAB personnel install WiMAX test antennas 


Ensuring efficient spectrum use in the evolution to mobile broadcasting: 
Before broadcasters can begin transmitting programs to handheld devices, technical specifications 
need to be tested to ensure unobstructed delivery for consumers on the move. In 2009, the 
Advanced Television Systems Committee (ATSC) approved ATSC-M/H, the North American 
standard for mobile digital television (DTV). CRC researchers conducted subjective tests to 
determine the most efficient data rate for ATSC H/M. This will result in data rates that minimize 
bandwidth requirements while still providing appropriate video quality. 


Introducing the world’s first Wi-Fi 
based cognitive radio networking 


platform: CRC researchers developed the 
world’s first Wi-Fi based cognitive radio- 
development platform. Called CORAL, this 
wireless test bed will also enable researchers 
to investigate issues that are important to 
future cellular and wireless access systems. 
CRC researchers were invited to demonstrate 
the patented technology at IEEE DySPAN 
9010. This Institute of Electrical and Electronics 
Engineers event is the world’s premier 
conference dedicated to dynamic spectrum 
access networks. 


é _ bi 


Simulation of autonomous 5 GHz MILTON Rosette cells adapting to each other's 
presence using cognitive radio sensing and identification of interference 
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Research team members with solar panels and 
GreenStar Network equipment (insert) 


The CRC is one of several federal partners involved in the PCW 
mission, which will provide continuous communications services 
and weather observation of Norther regions. The CRC is monitoring 
industry activities, making recommendations and performing 
independent studies. 


Radio frequency 
(RF) photonic technology is particularly useful in satcom applications, 
providing greater bandwidth and RF transmission options, while reducing 
electromagnetic interference, size, weight and power requirements. 
In 2009-2010 the CRC designed and fabricated an integrated optical 
phase shifter for satcom applications. 


The CRC is involved in the CSA's Mars 
Rover program, one of five initiatives intended to position Canada and 
Canadian expertise in a future international mission to Mars. In 2009- 
9010, the CRC wireless team established a multi-year contract with 
the CSA to design the wireless communication systems for the Mars 
Rover, which will search for water erosion and subsurface water with 
the help of a retractable sky camera to see around obstacles. 


The CRC is helping developing countries adopt telemedicine through 
its participation as co-chair of a UN action team. 


The CRC is a longstanding 


___ strategic partner with the 

: : = Canadian Space Agency. 

In space science, a CRC 
researcher is the principal 


investigator for the Radio Receiver 
Instrument.on the Enhanced __ 
Polar Outflow Probe aboard the 
CASSIOPE satellite, scheduled 
for launch in 2011. In space 
technologies, the CRC provides 
satellite communication (satcom) 
know-how, search and rescue 
satellite-aided tracking (SARSAT) 
expertise; global navigation 
satellite system support, and 
application development 
assistance. 


JOPE satellite antenna ca 


Medium Earth orbit search and.rescue (MEOSAR) capabilities will soon improve search and rescue 
_ gatellite-aided tracking (SARSAT). While Canada’s contribution is coordinated by the National 
_ Search and Rescue Secretariat, much of the R&D is carried out by the CRC. From satellite 
~ technology and emergency locator beacons, to radios enabling communication among rescue 
crews, CRC R&D is facilitating many facets of SARSAT. 


Providing expertise to future SARSAT systems: Recently, the U.S. approved in principle 
the use of a transponder conceived by the CRC, CSA and an industry partner in an earlier phase of 
MEOSAR development. The first MEOSAR transponders could fly aboard future GPS satellites as early as 2017. 


The CRC concluded two, three-year research projects for the National Search and Rescue 
Secretariat in 2009-2010: 


¢ The MEOSAR study provided researchers with access to satellite signals from the current U.S. 
Distress Alerting Satellite System or DASS. The CRC linked ground stations from Canada and 
abroad to produce more timely and accurate readings of beacon positioning. 


Phase two will include demonstration and evaluation planning for the MEOSAR system, and the 
development of next generation beacons. The latter will expand on work completed for the 
SARBACAN (Search and Rescue Beacon development with Canada) project, funded in part by the 
CSA. The CRC has served as a work package leader and technical authority on SARBACAN since 2009. 


* In the rapid deployment terminal assignment, researchers used CRC software defined radio (SDR) 
technology to develop and demonstrate a prototype “gateway” that enables interoperability between 
different types of terrestrial radios used by rescue crews. The technology also features a satellite 
backhaul to enable communication with potentially distant locations, such as a command centre. 
Some of the prototype software components are ripe for commercialization. 


In 2009-2010, a NATO working group selected the CRC’s proposed radio 

protocol for the basis of a new radio communications interoperability standard. 

CRC researchers contributed to the design and specification of the NATO standard 
for tactical VHF/UHF radio networks that will enable interoperability between 
nations and provide higher performance. 


CRC experts provided planning 
and technical support to the Canadian army at NATO exercises in Sweden and the 
Netherlands, where NATO interoperability standards were tested and interoperability 
solutions were demonstrated. 


The CRC is assisting the Canadian 
Forces (land, sea, air) in defining their satellite communication needs for the next 
15 years by conducting system analysis and design, defining trends and developing 
implementation plans for engineering test facilities where new systems can be 
field trialed. 


As part of DND’s SASNet project to define and demonstrate a self-healing 
autonomous sensor network, the CRC provided a scalable system solution — from 
deployment to command control centre — where sensor networks were integrated into 
a multi-level architecture. Such sensor networks also hold huge potential in a broad 
range of civilian and public safety deployments and conditions. And developments in 
mobile systems offer additional advantages: allowing for dynamic access capable of 
sensing a wide spectrum range and adaptively selecting the optimal frequency band. 


The CRC provided assistance 
to Defence Research and Development Canada by designing and fabricating the antenna 
and antenna array housing for the Through-Wall Synthetic Aperture Radar demonstra- 
tor project, which is investigating the possibility of through-wall radar surveillance. In 
addition, CRC produced microelectronic components essential to the project. 


CRC began investigating “smart grids” in 2009-2010 
in cooperation with Natural Resources Canada (NRCan). The goal is to create a smart grid that incorporates ICTs into 
the electrical system to seamlessly shift between traditional and renewable forms of energy when renewable forms are 
available. The project involves measuring wind and solar sources, modeling the system and developing the switching 
software. Once operational, NRCan intends to pilot test the technology in select Northern communities. 


When Toronto Emergency Management Services (EMS) upgraded 
their radio communications system, they turned to CRC-COVLAB to determine antenna positions needed to provide ubig- 
uitous coverage within their jurisdiction. Using measurements taken in Toronto, CRC experts analyzed this field data and 
provided EMS system planners with the best parameters to use in CRC-COVLAB. Equipped with software training 
by CRC experts, local operators used the simulation software to predict radio freauency coverage, enabling system 
planners to advance to implementation, and allowing police officers, fire fighters and paramedics to transition to an 
upgraded system. 


Forming a public alerting system involves an 
“extended family” of government organizations. As part of its investigation into a national public alerting system, Public 
Safety Canada explored ways to ensure communication in the event of primary system failure. The CRC assisted in the 
design of a satellite interface that would act as a back-up for the main alerting system. Given the immediacy of the need 
for a solution, partners opted to pursue an option with a broadcast network, 


The CRC offers a number of technology transfer opportunities, 
including R&D collaborations, specialized engineering consulting 
services, unique R&D facilities and test beds, prototype 
development, intellectual property (IP) licensing, and an 
Innovation Centre for start-ups and other small- and medium- 
size enterprises, 


The CRC pursued multiple industrial and academic collaborations 
and contracting-in agreements in 2009-2010. They included: 


® performing high-power wireless system analysis; 
* investigating the radio behaviour of advanced handsets; 
¢ evaluating and optimizing 28 GHz and 38 GHz radios; 


* providing technical advice on integrating the audio loudness 
meter; 


e developing tunable planar lightwave circuits for ultrafast optical 
signal characterization; 


* licensing the use of a prototype system for automated malware 
experimentation; 


* performing fibre Bragg grating prototype development. 


Milestone: 


CRC and an industry 
partner received a 
technology transfer 
award from the 
Federal Partners in 
Technology Transfer 
in 2009 for success- 
fully developing, 
transferring and 
commercializing 

an omni-directional 
antenna that led to 
the creation of one 
of the world’s largest 
satellite-based mobile 


asset tracking systems. 
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Advanced Antenna team members 
celebrate with their industry partner 
at the Federal Partners in 
Technology Transfer awards 


SCA forms the basis of software defined radio (SDR), 
After first influencing the direction of SCA standards adopted by the U.S. military, the CRC went on to develop SDR 
technology, including an SCA software development kit. The resulting SCARI++ software suite empowers customers 
to quickly develop SCA-compliant applications. It is now licensed by manufacturers and developers worldwide. 


Several CRC-developed broadcast technologies are on the cusp of commercialization, 
including technology enabling television's evolution toward 3D. The CRC has developed a real-time 2D-to-3D video 
conversion tool that began generating interest in 2009-2010. Interest has also been growing at international broadcast 
conferences for CRC’s software defined broadcasting equipment, open broadcast platforms and loudness meter. 


Collaboration is critical to capitalize on expertise. Harmonization, economies of scale 
and interoperability — all enabled by international standards — are essential to a 
global marketplace. The CRC is active in standardization efforts of NATO, the 
International Telecommunication Union (ITU), Institute of Electrical and Electronics 
Engineers (IEEE), Video Quality Experts Group and Advanced Television Systems 
Committee (ATSC). 


The CRC’s success in audio loudness 
metering began in 2006, when the ITU adopted the CRC-developed meter as the 
international standard to measure loudness in broadcast productions. The ITU agreed 
on a reference level for loudness in 2009. The CRC continues to advance the 
adoption of this voluntary standard through its work at both the ITU and the ATSC. 


The CRC collaborated with McGill University to 
demonstrate pulse train generation at 40 GHz in CRC-fabricated planar lightwave 
circuits (PLCs). In a separate initiative, novel long-period gratings were demonstrated 
in silica PLCs in collaboration with Institut national de la recherche scientifique. 


Along with the many Canadian students and postdoctoral fellows the 
CRC nurtures, the organization also hosted four Taiwanese researchers from National 
Chiao Tung University and the National Chip Implementation Centre (CIC). One CRC 
researcher spent three months at CIC. This multi-year collaboration involves 60 GHz 
circuits and structures, designed and fabricated in Taiwan, then tested and 
characterized at the CRC. 


The Wireless Innovation Forum is 
dedicated to driving innovation in software defined radio, cognitive radio and dynamic 
spectrum access technologies. CRC representatives chair several committees and 
working groups of the Forum. 


. CRC has collaborative 


agreements with several 
foreign organizations 
including: the European 
Broadcasting Union; 
Camara Nacional de 


‘La Industria de Radio y 


Television, the Mexican 


. Association of Broad- 


casters; the Electronics 
and Telecommunica- 
tions Research Institute 
inthe Republic of = 
Korea; Japan’s National Le 

Institute of Information 
and Communications — 


a Technology; the EU ee 


Cooperation in Science 2 
and Technology (COST) © 


Actions 2100and 
- IC0802; and Eindhoven 
- University of Technology 
in The Netherlands. 


CRC Source of Funding CRC Expenditures 
(in millions) (in millions) 
2009-2010 2009-2010 


39.7 Industry Canada 2.0 Corporate Services 


Other Government 
13.5 Departments 


37.1 Research 


Ae 
Contracting-In ampus 


3.5 &Licencing 


Total Source Total 
of Funding: Expenditures: 
$56.7 $56.2 
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ust a sample of the many images documenting CRC's 
10-year history (1969-2009). For more photos, visit 
WWW.CIC.gc.ca. 


CIRC 
at a Glance 


* Research staff: 2 9° , plus Sil students 
e IP licencing and contracting-in revenue: S 3 ; 6 mM | | | Kove) 


e Number of active IP licences worldwide: 3 O08 
(17 new licences in 08-09), including 


¢ Number of active IP licences in Canada: 
(8 new licences in 08-09) 


e Collaborative and contracting-in agreements: 
(33 new agreements in 08-09) 


e Patents: vA new patent applications, | @ new patents issued, 
y) | O active patents and applications protecting inventions 


¢ Scientific publications and conference papers: 2 2 “Tt 
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The work of CRC’s 
Advanced Television 
Evaluation Laboratory 
(ATEL) garnered an 


in January 2009 in the 
technology and engineering 
category. This is the second 
Emmy award for CRC. See 
page 8 for details. 


Message from the 


Advisory Council Chairman 


it certainly has been an exciting year for Canada’s ICT sector. 
From the sale of a telecom research pioneer (Nortel) to the 
seemingly unstoppable trajectory of the world’s fastest-growing 
company (Research in Motion), there is little doubt that ICT, and 
wireless in particular, continue to be formidable forces on the 
Canadian industrial landscape. 


Underpinning Canada’s global reputation as an ICT leader is its 
strength in research, which continues to account for the majority 

of industrial research conducted in the 
country. As the federal government's centre 
of excellence for telecommunications R&D, 
the Communications Research Centre plays 
a critical role in building on those strengths 
and demonstrating the growing importance 
of ICT in everything from manufacturing and 
aerospace to safety and health care. 


Ensuring that CRC’s research is relevant to the ongoing challenges 
facing Canadian industry and Canadian society is the responsibility 

of CRC's Advisory Council. Comprised of representatives from 
ndustry, academia and government, the Advisory Council draws 
on its experience to advise the CRC on its strategic direction and 
he relevance of its research. 


t has been a tremendous year for the CRC. It was heartening 
to see the Science, Technology and Innovation Council (STIC) 
dentify CRC as among Canada’s innovation leaders, “helping 
eep Canada at the forefront of communications technology.” 
t was also rewarding to see that CRC’s priorities are aligned 
with the ICT sub-priorities identified last year by STIC: new 
media, wireless networks and services, broadband networks, 
and telecom equipment 


That the CRC is on the right track was reinforced by an internal 
review that members of the Advisory Council participated in over 
the past year. The review confirmed that CRC's research program 


and its strategic priorities are aligned with the priorities of its 
major clients, and it delivers valuable outcomes to Canada’s ICT 
sector, particularly through the exploitation and commercialization 
of its intellectual property. 


The Advisory Council was proud to see CRC’'s accomplishments 
receive two highly prestigious awards: an Emmy (the second so 
far) for its contributions to standardizing the digital television 
system that is replacing North America’s current analog system, 
and a Federal Partners in Technology Transfer award for a search 
and rescue technology that saves lives and generates millions in 
revenue for Canadian companies. 


As Chair, | would like to thank all the members of the Advisory 
Council who volunteer their precious time in helping the CRC 
remain focussed and invaluable to the ICT sector. The Advisory 
Council looks forward, with the inclusion of some new members, 
to continuing to work with CRC’s management in this role. 


Over the last year, as over the last 40 years, the CRC has shown its 
significance in contributing to a culture of innovation in Canada. 
The organization has been at the forefront of many firsts including 
satellite communications, search and rescue satellite-aided 
tracking, fiber optics and software defined radio. A complete 

list of these accomplishments appears on page 12 of this report. 


I trust you will enjoy this latest chapter. 


~ [ova 


Tom Hope, P. Eng. 
Chair, CRC Advisory Council 


Messagé from the 
President 


| It has been a very busy y and rewarding j yearat Some research highlights from 2008-09 included enhancement 

L the Communications Research Centre — one of CRC’s radio spectrum monitoring technologies to ensure 

| that continued to highlight CRC’s strategic secure communications for emergency personnel at the 2010 
role in aoe a research to address _ Olympic and Paralympic Winter Games in Vancouver, and the 

2010 G8 Summit in Huntsville, Ontario; contribution to the design 

and validation of technical specifications for a new generation of 

NATO tactical communications standards, as part of a 12-nation 

collaboration to ensure communications interoperability for 

future coalition deployments; and participation in the development 

of asystem for enabling bandwidth-on-demand across diverse 

recommenda tan includin ew i ‘h will s the C's _ broadband networks as part of the EU FP6 6 Phosphorus 

linkages and engag At with clier Oo oo integrated project. 


_CRC was very active on the international scene through 
collaborations with India, Taiwan, Mexico, Finland, the European 
Union, and the United States, among others. Work ranged from 
studying the complexities of microelectronics, to assisting 
international partners in deploying CRC technology. 


While it's satisfying to leak back, it is equally rewarding to 
look forward as CRC celebrates two important events: its 40th 
anniversary and the commemoration of the Alouette | satellite 
_ program as an event of national historic significance. CRC’s strong | 
research team — past and present — made, and continues to make, 
success look easy. Thanks to all for another great year. 
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to even more sectors of society, including energy vation, 
electrical power and smart grids, education and health care. Over 


_ Veena Rawat 
, CRC worked oe a number of partners — 


President 
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Vision _ 
and Mission 


The vision of the Communications Research Centre (CRC) is 
to provide national leadership in collaborative research and 
development on innovative communications, broadcasting 
and information technologies for a strong Canadian 
knowledge-based economy. 


CRC's mission is: 


e To be the federal government's centre of excellence for 
communications R&D, ensuring an independent source 
of advice for public policy purposes; 


e To support government operations led by major clients in 
selected areas of ICT application such as national defence, 
public safety and space-based communications; 


e To identify and close the innovation gaps in Canada’s 
communications sector by engaging in industry partnerships, 
building technical intelligence, supporting small and 
medium-sized high technology enterprises, and working 
with other research organizations across Canada. 


Serving as the federal government’s centre of 


excellence for communications R&D, 
ensuring an independent 
source of advice 


for public policy purposes 
There are growing demands on radio spectrum, each producing unique technical and public policy 


challenges. CRC research focuses on efficient, flexible and interference-free use of spectrum, while 
propagation and other research facilitates opening new, higher bands to meet demands. 


CRC’s FM-IBOC module in CRC-COVLAB 
software has been updated and validated 
using empirical data gathered during cg © 
FM-IBOC laboratory tests. In addition, meet ell 


OFTWARE / LOGICEL DI 


through a partnership with NPR Labs 
in the U.S., CRC researchers obtained 
field measurement data for a number 
of FM-IBOC stations in that country. 
This has enabled further refinements 
to CRC's software, thereby enhancing 
the reliability of its coverage predictions. Such tools are key in spectrum management practices and 
facilitate bilateral discussions on border-area issues. 


When the Canadian Radio-television and Telecommunications Commission (CRTC) invited 
comments on Canadian broadcasting in new media, CRC responded with a submission describing 
new broadcasting technologies. CRC detailed how mobile TV broadcasting, standard definition 
television programs multiplexing, and distributed transmitter networks for regional coverage have 
the potential to provide Canadians with more services and a better overall experience. Furthermore, 
with the conversion to digital broadcasting systems in 2011, CRC contended that there remains a 
place for over-the-air terrestrial broadcasting. CRC is also working to adapt CRC-COVLAB to meet 
the CRTC’s needs. 


CRC is exploring propagation issues related to V-band (40 to 75 GHz) telecommunications, the 
next frequency band above Ka band allocated to satellite communications. This research is being 
conducted on behalf of Industry Canada’s Spectrum Engineering branch, particularly for intersystem 
interference assessment purposes, and the CSA under the STAR (Satellite Telecommunications 
Applied Research) program. 


A one-day workshop on software defined radio (SDR) and cognitive radio (CR) introduced potential 
users to these two major enhancements to radio signal processing. 


¢ SDR embeds functions such as filtering, coding, and modulation in a software system that can be 
altered independently of any hardware platform. The resulting radio can be updated and upgraded 
even after it is on the market, offering major benefits to manufacturers, operators and consumers. 
By improving interoperability, SDR can reduce the number of radios that users need in the field. 
Other areas that rely heavily on signal processing and embedded computer systems are looking 
closely at the concepts developed as part of SDR. 


¢ CR represents protocols that optimize a wireless communications device's use of the radio-frequency 
spectrum, while minimizing its interference with other devices. This makes it possible to adapt a 
device to current spectrum conditions in real time, giving regulators, licensees and the public 
more flexible, efficient and comprehensive access to spectrum. CR identifies any nearby spectrum 
use, then changes the frequency, adjusts output power, or alters transmission parameters and 
characteristics. CR also assigns priority use to the spectrum owner, while allowing others to share 
unused portions of the spectrum. 


On the international 
standards front, — 
2008-09 saw the 
__ completion of the IEE 


Supporting government 
operations led by Ma]OFr clients 


in selectediareas ol 


ICT application 


CRC supports a number of members of the federal family, including 
the Canadian Space Agency (CSA), Public Safety Canada, and the 
Department of National Defence (DND) as well as its R&D arm, 
Defence Research and Development Canada (DRDC). 


CRC's Chris Iles servicing a telecommunications network connecting Devon 
Island, Nunavut to the south. Devon Island's Haughton Crater, a site 
somewhat similar to the surface of Mars, is the home of the Haughton-Mars 
Project, an international interdisciplinary field research project involving CSA, 
NASA and others. The Polar Continental Shelf Project of Natural Resources 


Canada provides logistical support to such northern research, including the 
telecommunications connections enabled by Chris 


Tt 


Among CRC’'s other initiatives with CSA is the 2010 CASSIOP 
satellite mission. CASSIOPE will be equipped with an Enhanced 
Polar Outflow Probe (e-POP) to help scientists understand the 
impact of solar variability on the space environment, and the 
Cascade communications payload to exchange extremely large 
data files via satellite. The principal investigator for e-POP’s radio 
receiver instrument, and the program manager for the Cascade 
project are CRC experts. 


CRC provided a valuable study to Public Safety Canada on the 
deployment of a satellite restoration link in support of the National 
Public Alerting System, to be used as a request for proposals for the 
development of a restoration component of an all-Canada Emergency 
Alert System (EAS). The component allows for the continued operation 
of the EAS in the event of a primary (Internet) infrastructure failure. 
Work was also completed with television and radio broadcasters, as 
well as satellite and cable operators, on overall implementation and 
performance constraints associated with EAS deployment. 


Military operations require reliable, strategic and tactical 
communications, even in the most difficult environments and 
terrains. With DND, CRC has been studying the use of aerostats to 
enhance wireless communications. An aerostat can greatly improve 
line-of-sight coverage of a base station radio to end users on the 
ground. Among the wireless technologies studied: an 802.16-based 
broadband wireless fixed WiMAX system, with a WiMAX base station 


ong-range 


and omni-directional antenna integrated into the aerostat payload. 
Researchers on the ground tested up to 10 subscriber units that 
communicated with each other via the base station on the elevated 
aerostat. The results: increased range and throughputs among 
subscribers, plus improved coverage. 


With DRDC, CRC has been developing technologies for next- 
generation tactical communications systems. The work has 
focussed on signal processing techniques for robust spectral- 
efficient radio waveforms, and on adaptive narrowband medium 
access control schemes for the provision of Internet protocol-based 
voice and data services. The technologies were transferred to 
industry for use in a proof-of-concept prototype aimed at 
demonstrating the feasibility of enhancing the Canadian Army's 
current tactical radios to meet operational requirements for 
increased information sharing. 


Field trials were a key activity in advancing the SASNet system in 
2008-09. SASNet aims to define and demonstrate an intelligent 
sensor system for military operation in complex terrains for future 
Canadian Army requirements. Recent advances in computing and 
communication have produced a significant shift in sensor network 
research and have led to small multi-functional wireless sensors 
that integrate sensing, data processing and communicating 
components. 


Sensor networks represent a significant improvement over 
traditional sensors, since the sensors collaborate in performing 
sensing tasks, and improve detection and tracking performance 
through multiple observations, geometric diversity, extended 
detection range and faster response time. The sensors form an ad 
hoc network to deliver aggregate information from geographically 
diverse areas. The ad hoc features of a sensor network are essential 
in providing interconnection between the sensors and devices in areas 
without existing communication infrastructure. The sensors must 
coordinate to establish a communication network, divide the task of 
mapping and monitoring the terrain in an energy-efficient manner, 
adapt their overall sensing accuracy to the available resources, 

and reorganize upon sensor failure. SASNet will apply recent 
technological developments in wireless, ad-hoc networks, sensors, 
fusion, information processing, localization and networking. 


Maxime Dumas, me it 


_ Manager of Quebec City’s ye 


Identifying and closing 
the innovation gaps 


in Canada’s communications sector 


Along with generating knowledge, CRC transfers knowledge. Whether licensing 

its intellectual property, engaging in industry partnerships, or working with other 
research organizations, Canadians and the Canadian economy benefit from CRC’s 
effort to close Canada’s innovations gaps. 


Search and Rescue Satellite Aided Tracking (SARSAT) has not only saved 
thousands of lives, it has generated over $100 million in sales revenues for 
Canadian companies. Developed by the CRC in the mid-1970s, SARSAT now 
involves over 38 countries and is credited with the rescue of more than 25,000 
people since activation in 1982. Today, SARSAT is transitioning to MEOSAR, 
which uses medium earth orbit satellites. In 2008-09, CRC conducted MEOSAR 
tests using its three antennas to track U.S. GPS satellites and, in the future, 
European Galileo satellites. 


In 2008, SARSAT team members from CRC, CSA, DND, the National Search 
and Rescue Secretariat, and an industry partner were honoured with a Federal 
Partners in Technology Transfer award from the Government of Canada 


Software defined radio (SDR) is another technology transfer success story on an 
international scale. CRC continues to supply companies with the tools they need 
to get a running start in SDR, including a software development kit for the Software 
Communications Architecture-required code — known as the SCARI software suite 
—as well as training on its use. 


Closing the innovation gaps also involves collaborations. In 2008-09, CRC 

worked with: 

e industry on the development of cognitive radio as applied to a new generation 
of mobile wireless devices; 

e academia on the development of adaptive antennas and MIMO technologies; 

e the North American Broadcasters Association to evaluate possible interference to 
digital television reception from broadband over power line transmission. 


Overall, CRC earned $3.6 million in technology transfer revenue in 2008-09. With 
IP revenues of $2.5 million, CRC continues to be the top performing Canadian 
federal lab in terms of IP revenues normalized to R&D budget. Collaborative and 
contracting-in R&D generated $1.1 million in 2008-09. CRC received millions 
more through agreements with other government departments. 


Also in 2008-09, CRC launched an internal technology commercialization . 
program. Eleven out of 17 project proposals were selected in late 08-09 and over 
the next two years, researchers will be working to bring their technology-ready 
projects to market. Watch for 2D to 3D, video FRC-2, SDR broadcast, spectrum 
monitoring, tunable filter, SDR waveform, P25 waveform, SDR university, WiFi 
cognitive, Ku-Ka antennas, and CRC COVLAB. 


Tis 


Our People 


Advancing Knowledge 

CRC scientists and engineers are not only prolific publishers, their work is 
frequently cited by international colleagues as researchers continue to advance 
our understanding and generate applications. For example, one paper on 
groundbreaking work conducted at CRC in fiber optics has generated over 
1000 citations. Also indicative of CRC’s worldwide recognition, one of the 
organization's leading scientists is the editor-in-chief of the /EEE Transactions on 
Broadcasting. CRC experts also served as guest editors on special issues of the 
publication: one dedicated to quality issues on mobile multimedia broadcasting 
and another on IPTV for broadcasting applications. 


Serving Canadians 

The work of CRC’s Advanced Television Evaluation Laboratory (ATEL) 
garnered an Emmy award in January 2009 in the technology and engineering 
category. ATEL was one of four organizations recognized for its contributions 
to standardizing the digital television system that is replacing North America’s 
current analog system. ATEL's investigations ensured that high definition tele- 
vision (HDTV) — one of the advances supported by digital television — would 
offer a significant enough improvement in video quality to merit the adoption 
of a new standard. Many HDTV systems were proposed and tested before one 
could finally meet that objective. 


Pioneering 
IBC is the leading international forum 
for the electronic media industry. CRC 
was among the exhibitors at IBC 
2008, showcasing its Openmokast 
technology — the first mobile broad- 
casting handset based solely on an 
open source platform. Openmokast 

is built on a vision of collaboration 
that could potentially influence the 
future of broadcasting. IBC 2008 also 
saw CRC's resident MMB expert assume 
responsibility fora segment of the European 
Broadcasting Union Village — a testament to 
the trust bestowed by the international community. 


Training HOPs 

CRC boasts a strong contingent of highly qualified people (HOPs) and helps 
fuel Canada’s supply of new HOPs who bring their expertise to all sectors 

of the Canadian economy. Some 34 students came through CRC’'s gates in 
2008-09, many of them researchers who will continue innovating well into the 
future. Consider the following: 


¢ the University of Ottawa co-op student who advanced the conversion of 2D 
video program material to 3D — an achievement that will help make 3DTV 
a reality. 


¢ the PhD student, also from the University of Ottawa, investigating scalable 
optical switches. She has already published four journal papers and joined 
a promising high tech firm as a result of her work in this area. 


e the co-op student studying engineering at I'Ecole de technologie supérieure, 
part of Université du Québec, who was able to tackle any problem presented 
to him, from fixing a network to designing an analysis tool studying anti-virus 
systems. 


Innovating 


3DTV 


in an effort to help established media bring new broadcast formats 
into the consumer marketplace, CRC is developing 2D to 3D 
conversion techniques, including investigating software applications 
to allow the real-time conversion of 2D DVDs to 3D format, so they 
can be played on a 3D auto-stereoscopic monitor. In addition, 
progress was made in multi-view video coding and depth image 
base rendering. 


Sensor Technology 


For environmental uses such as detecting seismic activity, and 
aerospace applications that call for sensors to be embedded in 
engines, sensor components must withstand high temperatures. 
CRC-patented fiber Bragg grating based on ultrafast laser technology 
has opened the door to the use of new, robust materials — including 
sapphire — which is particularly useful in sensor applications because 
the photosensitivity mechanism remains stable at up to 2000°C. 


Planar Lightwave Circuit (PLC) Technology 


CRC is developing a suite of photonic devices based on silica-on- 
silicon PLC technology. Planar layers of silica are laid down, heated 
and patterned into device structures that have characteristics similar 
to optical fibers, making them compatible with fiber infrastructure. 
Current research is focused on the development of next generation 
PLCs that can route light and manipulate the bits and packets of 
information carried on the light beam. This type of all-optical pro- 
cessing is an important step in optical network technology as 

it could eliminate the need to convert optical signals back to 
electrical signals to carry out signal processing functions. 


Finance 


CRC Source of Funding 
(in millions) 
2008-2009 


Contracting-In 


2.8 &Licencing 


34.8 Industry Canada 


Other Government 


14.5 Departments 


Total Source 
of Funding: $52.1 


Microwave Photonics 


As microwave devices migrate to ever higher frequencies and 
bandwidths, the limitations of current components can lead to 
design problems. Microwave photonics offers a unique approach 
for processing microwave signals which not only overcomes these 
difficulties, but can also add significant functionality to an all- 
optical, microwave circuit. 


Microwave photonics employs optical components and techniques 
to emulate functionality currently offered by electronic components. 
Optical signal generation, conditioning and routing can potentially 
operate at frequencies up to 100s of GHz. Because of the enormous 
bandwidth potential, it may even be possible to significantly alter 

a system's operating frequency and modulation format with no 
hardware modifications — an enormous advantage for inaccessible 
platforms like satellite payloads. 


Optics is still in its infancy, however. Most components are hand 
assembled, much like electronic circuits were fabricated decades 
ago. Just as the electronics industry catapulted forward with the 
introduction of integrated circuits, so too will optics benefit from 
the development of a photonic integrated circuit. Integrated 
multiple optical components on one chip are common, and the 
fabrication of low-cost, complex optical circuits is drawing near. 
With advances in silicon optics, these circuits may even be fully 
integrated with electronics on the same substrate. 


CRC is carrying out R&D on such complex circuits to take advantage 
of the properties of an optical system: size and weight reduction, 
large frequency coverage, large electrical bandwidth, low-loss fiber- 
optic interfaces, and immunity to electromagnetic interference. All 
of these factors are of utmost importance for space applications. 


CRC Expenditures 
(in millions) 
2008-2009 


13.4 


36.7 


2.0 Corporate — 


Total 
Expenditures: $52.1 
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Alouette, 1962 


i sta m ne the forerunner OreRe— (need 
Canada the third nation: in “space 


Anik-A, 1972 


Commercial domestic communications satellite at C-Band 


GaAs-FET, 1973 


Space-qualified gallium arsenide field effect transistor amplifier 


SARSAT, 1976 


Proof-of-concept test of a satellite system for search and rescue 


Hermes, 1978 


Direct-to-home satellite television broadcast; also used for telehealth and 
tele-education 


Telidon, 1978 


Public demonstration of Telidon videotex/teletext system, a forerunner of 
on-demand access to information found through the Internet today 


Fiber Bragg Gratings, 1978 


Discovery of photosensitivity in optical fiber, leading to the development of fiber 
Bragg gratings 


Broadband Fiber Optics, 1979 


Trials of providing telecommunications service to homes over a broadband fiber 
optic distribution system 


Satellite News Gathering, 1981 


Mobile, self-contained satellite news gathering terminal, with capacity for one 
video and two audio signals 


Cospas-Sarsat, 1982 


Rescue using Cospas-Sarsat satellite system 


ARPANET, 1983 


International terrestrial connection to ARPANET, predecessor of the global 
Internet 


HDTV, 1987 


Demonstrations of high-definition television 


SHARP, 1987 


Unmanned airplane flight powered by microwaves from a ground station 


Over-the-air Broadcast Radio, 1990 


Demonstration of digital radio 


ERE-COV AISI 


Coverage prediction software to help design single-frequency networks (SFN) 


Internet Radio Broadcast, 1993 


Commercial radio broadcast over Internet 


Spectrum Explorer, 1996 


Wide band RF spectrum scanning system with direction finding 


Broadband HDTV Demonstration, 1998 


Two-way HDTV telemedicine workshop with Japan 


Mobile Broadcasting, 1998 


Interactive multimedia mobile broadcasting demonstration platform 


Haughton-Mars, 1999 


Video conference between Canadian Arctic and CRC using a 0.5m Ka-Band suitcase 
terminal 


Mobile Satellite Internet, 2000 


Internet access/usage in a moving vehicle at Ka-Band 


Software Defined Radio (SDR), 2002 


Reference implementation of the Software Communications Architecture (SCA) 
specification 


WiMAX in Aerostat, 2008 


Rapid-deploy aerostat to improve communication coverage, tested for Department 
of National Defence 


Canadian First 


@ World First @ North American First 


Canadian/Japanese First 
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Message from the Chair 
Message from the President 
About CRC 

Strategic Priorities 


This Year's Activities: 


Broadband Access 

Radio Spectrum 

Defence Communications 

Network Security and Public Safety 
Internet and Convergence 
Applications 


Core Science 
Collaborations 
Technology Transfer and Commercialization 


Finances 


Canada has a long history of global 
leadership in the area of Information and 
Communications Technologies (ICT), an 
area which the federal government has 
emphasized as important in improving the 
quality of life and standard of living for 
Canadians. 


Recently, the government released the 
Science and Technology Strategy for the 
country. Entitled Mobilizing Science and 
Technology to Canadas Advantage, the 
strategy identifies ICT as one of the top 
four areas of Canadian S&T strength, 
echoing the findings published by the 
Council of Canadian Academies in its 
2006 report, The State of Science and 
Technology in Canada. 


CRC's Strategic Plan 2007-10 is aligned 
with the government's priorities. This plan 
describes the state of telecommunications 
research in Canada, the emerging 
challenges in ICT, how CRC's research 
and development (R&D) programs are 
responding to these challenges, and 
measurable outcomes for strengthening 
ICT innovation and growth in Canada 
over the next three years. 


As the primary federal laboratory for 
telecommunications research, CRC 
works closely with partners to advance 
new communications technologies 

and provide strategic advice for the 
development of policy, regulations 

and standards. Today, CRC is evolving 
through increasing collaborative and 
multidisciplinary research. More than 
ever, CRC is leveraging the expertise 
of partners in academia, other federal 
laboratories, the private sector and 
international organizations to accelerate 
the commercialization and adoption of 
new communications, broadcasting and 
information technologies. 


Over the past year, CRC’s R&D has made 
a significant contribution to address the 
challenges of policy, regulations and 
standards development for emerging 
technologies such as cognitive radio, 
WIMAX, digital broadcasting and 
Software Defined Radio, to name a few. 
This report provides details of CRC's 
accomplishments. 


| am proud that CRC has been able to act 
as a catalyst for collaboration, and thank 
the many individuals and organizations, 
including our clients, staff, Board of 
Directors and Industry Canada, for their 
shared vision and commitment to Canada's 
social and economic success. 


Alan Winter 


Telecommunications R&D at CRC is a 
two-way street. Not only does CRC have 
along and distinguished history in helping 
government establish effective, forward- 
looking and responsive policies, but these 
policies also guide CRC's future priorities. 


Right now, the boundaries between 
telecommunications and broadcasting are 
blurring. The Internet is playing a major 
role in delivering services and, increasingly, 
consumers want these services from a 


single device wherever they are. 


Developing policies and regulations that 
reflect these changes requires expert 
technical advice. As the government's 


primary research lab for information and 
communications technology, CRC is in an 
excellent position to assist government in 
addressing these challenges. To this end, 
CRC has established the following main 
priorities, as outlined in the CRC 2007- 
2010 Strategic Plan: 


- improving R&D efforts related to 


Industry Canada's medium and short- 
term problems 


- identifying links between research 
activities and their potential applications 


- developing more working relationships 


with other government departments that 
are potential users of ICT, and 


- increasing cross-Canada marketing 
efforts for the CRC intellectual property 
and technology portfolio. 


CRC has made significant progress in 
defining its R&D program and fulfilling 

its advisory role. You will find repeated 
examples throughout this year's Highlights 
report of how CRC's research agenda 

is contributing to socio-economic 
priorities of the government for policy 
and regulation development. For 
example, satellite communications for 
rural broadband or sensor networks that 


improve our military's capabilities are 
promising technologies that are important 
for Canadians. CRC provides expert 
assessments of these technologies and 
technology trends to help government 
make more informed policy and 
regulatory decisions. 


Also on the regulatory front, CRC 
prepared a report in response to 
the Canadian Radio-television and 
Telecommunications Commission's Notice 
on the Future of Broadcasting. This wide- 
ranging review recognized the growing 
popularity of unregulated platforms, such 
as the Internet and mobile networks, 
particularly among younger Canadians. In 
its report, CRC highlighted other emerging 
technologies such as mobile television, 
enhancement to digital television 
transmission, Internet Protocol Television, 
wireless broadband networks, satellite 
broadcasting and more. 


As well, when the Telecommunications 
Policy Review Panel process was underway, 


CRC consulted closely with Industry 
Canada during the development of the 
report, and provided technical data 

to assist the Panel in its review. CRC 
executives also made a presentation on 
"New Broadcasting Technologies” to 
the Standing Committee on Canadian 
Heritage for the House of Commons. 


We look forward to working with Industry 
Canada and our partners over the coming 
years to respond to their needs and 
accelerate the adoption of ICT for the 
benefit of all Canadians. 


Zs 


Veena Rawat 


Communications Research Centre (CRC) is the Canadian government's primary 
laboratory for research and development (R&D) in advanced telecommunications. CRC 
aims to identify and close the innovation gaps in the telecommunications sector; build 
technical intelligence; assist Canadian telecommunications firms in their efforts to remain 
globally competitive; and, anticipate major telecommunications trends in support of 
public policy, regulations and standards. 


CRC is the only national laboratory with critical mass and expertise in three major 
technologies that form the basic transport mechanism for information delivery across 
Canada: radio, satellite and fibre-optics. 


With a staff of more than 275 research engineers and scientists, CRC provides technical 
advice related to Industry Canada's mandate for spectrum management, communications 
policy and regulatory decision making. CRC also works with international organizations in 
the development of standards to facilitate the efficient delivery of telecommunications 
and broadcasting applications. 


CRC assists or partners with several other Canadian departments and agencies on 
information and communications technologies applications for national defence, public 
safety and space-based communications. Significant R&D and program delivery is 
conducted on a cost-recovery basis for Industry Canada, the Department of National 
Defence (DND) and the Canadian Space Agency (CSA). 


CRC contributes to the growth of Canada's ICT sector by engaging in industry 
partnerships, building technical intelligence, supporting high-technology enterprises and 
working with other research organizations across Canada and around the world. 


The CRC, as custodian of the Shirleys Bay Campus, provides a secure environment for 
organizations to conduct classified research and operations. 


Through the CRC Innovation Centre and Canada Network of Wireless Centres 
(CWCnet), CRC helps start-up companies develop and test new technologies. 


CRC at a Glance 


Research Staff 
Researchers: 287 (incl. 9 new) 
Students: 17 


Research Partnerships 

Total active collaborative agreements 
with industry: 33 (10 new) 

Total active collaborative agreements 


with university/government: 45 (7 new) 


Contracted R&D IP Licences Visits 

Contracting-in agreements: 58 (48 new) Corporate tours: 19 

IP licenses: 401 (42 new) International visitors from: South Korea, 

Total revenues: $2.31M India, European Commission, Germany, 
Switzerland, France, Russia, U.S., Japan, 

Patents The Netherlands, Singapore, Mexico, 

Active patents: 237 Finland, China, Spain, Australia. 

New patent applications: 18 

New patents issued: 8 Scientific publications, reports, 
patents and technical demonstrations 

Media Journal papers: 93 

Articles on CRC: 30 Conference presentations: 155 

Interviews for TV and radio: 7 Technical memoranda: 18 


With significant input from its major clients and its Board of Directors, CRC has identified 
six strategic priorities to define the major elements of its research program and associated 
activities: 


Broadband Access - CRC will support the federal government's goal of connecting all 
Canadians. Research activities focus on delivering cost-effective broadband solutions to 
rural and remote communities - innovations that could be replicated in other parts of the 
world. 


Radio Spectrum - CRC will provide Industry Canada with a solid technical base for the 
development of policy and standards for efficient and effective regulation and allocation 
of radio spectrum. CRC also supports Canada’s participation in international spectrum 
allocation. 


Defence Communications - CRC will enable DND to make decisions on procurement 
and deployment of military communications systems. 


Network Security and Public Safety - CRC will provide advice regarding the security 
of network infrastructure for communications, commerce, defence and other applications. 
In partnership with other Canadian organizations, CRC is examining the needs and 
capabilities of technology in this field, including the security of wireless networks. CRC 
will also develop new technologies for emergency/disaster communications, and search 
and rescue. 


Internet and Convergence - CRC will provide technical insight into future convergence 
issues (Internet, wireless, optical, broadcasting) to assist government in making informed 
policy decisions. 


Applications - CRC will assist content providers and user communities in connecting 
together, and evaluating new tools and applications for social benefit. 


Broadband Access 


= CRC’s Commitment 


R&D to bring broadband access to rural and remote areas in Canada 


Canada is a major international ' ae 
Strategic Priority 
player in the development of 


technology that brings wireless CRC will support the federal government's goal of connecting all Canadians. Research 


broadband to the mass market activities focus on delivering cost-effective broadband solutions to rural and remote 


WIMAX and WiFi, based on the communities - innovations that could be replicated in other parts of the world. 


Institute of Electrical and Electronics 
Engineers (IEEE) standards, have 
attracted commercial interest among 
many Canadian companies, from 
chip and equipment manufacturers 
to broadband service providers ile ; { ee 
“CRC is developing WiMAX cognitive 


CRC conducts co 


laborative research 
SRRGRRaNG Halland wirine aacen radio Internet technology that can be 


companies and universities to a a used in small communities in Canada. 


b Ae 

augment these technologies with HN SYDOR Our engineering team is working 

cognitive radio capabilities that Project Manager, Broadband Wireless Group 

coeniuve raglo Capap e a i Bit ! : 
with the IEEE and collaborating with 


increase the use of the radio 


Wavesat Inc. of Montréal to have a low- 


trequency (RF) spectrum. 
cost terminal ready for the fall of 2008. 
= == | , —, There is considerable interest in this 
last-mile technology in Canada, India 


and elsewhere in the world.” 
Cognitive radio includes smart 
radios and other new wireless 
devices that can sense the RF 
spectrum and react to avoid 


transmission bottlenecks, for 


instance by switching instantly to 
nearby unused frequencies. CRC 


is investigating how small changes : 
John Sydor and CRC Broadband Wireless Group are working with partners on new 


to the protocols inside WiFi and 
approaches to reduce power requirements for handheld terminals while increasing 


WiMAX standards can result in 


downlink data capacity — two major barriers to the implementation of video- 
significant performance gains 


intensive applications with these devices. 
and improve the use of valuable 


spectrum 


Tapping the TV spectrum 


In order to extend connection to all Canadians, a more cost-effective way of bringing 
broadband Internet to rural Canada is needed. CRC is working with the IEEE on a 
cognitive radio standard that would see wireless broadband services delivered over 
unused TV channels in sparsely populated areas. As co-chair of the international 

IEEE 802.22 working group, CRC has assisted the working group on issues related to 
technology, systems and interference. An international standardization of such technology 
will allow volume production of the equipment, which will result in lower per-unit costs. 


“The 802.22 standard offers exciting 
possibilities for creating wireless 
regional area networks of up to 50 


kilometres in radius in non-line-of-sight 


CRC has been a major participant 
in the IEEE 802.22 working group, 
from attending meetings and 
weekly teleconference calls to 
providing some 30 technical 


eas contributions, CRC’s contributions 
propagation conditions in rural and . 
are well received internationally. 


remote areas. So far, the group is on Not only is it viewed as a “neutral” 


track to deliver an approved 802.22 Program Manage player in standards setting, CRC is 
Rural and Remote 
standard to industry in 2008. That Broadband Access 


: widely recognized for its expertise 
Program Ef : in relevant technologies, overall 


could see low-cost equipment arriving in systems aspects and frequency 


rural areas of Canada by early 2009. oo 7 in OA E band utilization. 


Many countries in the world will benefit 


from this new standard.” 


CRC collaborated with the 
Canadian Space Agency to expand 


Other Highlights 


+ CRC's Broadband Applications and Demonstration Laboratory (BADLAB) 
participated in several interactive multimedia events and demonstrations, including 


broadband Internet in northern 
communities. Ka-band ground 


tele-education and tele-haptics involving remote and rural communities, and a dance Forainaic linked tothe AniceD 


-time from Seoul, South Korea. . ; 
performance broadcast in real-time oul, S dliovaciael scm 


+ The National Arts Centre continues to use the CRC BADLAB to coach music communities in Yukon, Northwest 
students, via videoconferencing, in St. John’s, Newfoundland and Labrador, Territories and Nunavut as part 


Kangiqsualujjuag, Quebec and Nunavut (MusicGrid and VirtualClassroom). of CRC's Satellite Multimedia 


Applications Research and 
Trials (SMART) Program, which 
demonstrates broadband satellite 


+ CRC participated in the REACH project (Remote Assertive Community 
Healthcare) by providing satellite linkage between a Toronto clinic and patient 


station. 
communications services and 


+ The installation of CRC's experimental Mobile Multimedia Broadcasting (MMB) applications, and provides technical 
system in Montréal enables CRC and Radio-Canada to begin experimentation 
and demonstrations of emerging technologies, based on the Digital Audio 
Broadcasting (DAB) Eureka 147 standard. 


support to other government 


entities. 


+ CRC implemented and tested highly integrated wireless modules (TxRx units) for = 
broadband applications that can support a communication link over a distance 
of approximately 100 metres and at data rates of 700 Mbps. 


CRC designs better “traffic cop” 
for spectrum monitoring 

Since 1993, Industry Canada had 
used a cost-effective, user-friendly 
and flexible technology, developed 
by CRC in collaboration with 
Defence R&D Canada and Industry 
Canada's Spectrum Engineering 
Branch, to assess the use and 
quality of radio spectrum across 
the country. Now, CRC researchers 
have designed a high-performance 
Spectrum Explorer® that is smaller, 
lighter and less expensive than 


previous systems. 


Transforming technologies 
developed in-house into commercial 
successes is an ongoing priority at 
CRC. For example, CRC supports 
Spectrum Explorer® licensees 
Telemus Inc. of Ottawa, Ontario 
and Aerosystems International 

Inc. of Saint-Laurent, Quebec in 
their product development. CRC 
also assists other government 
departments in using the Spectrum 
Explorer® suite of technologies to 


meet their requirements. 


Radio Spectrum 


CRC’s Commitment 


To support the efficient and effective use of radio spectrum 


Strategic Priority 


CRC will provide Industry Canada with a solid technical base for the development 


of policy and standards for efficient and effective regulation and allocation of radio 


spectrum. CRC also supports Canada's participation in international spectrum allocation. 


DR. JOHN LODGI 
Research Program Manager, 
Communications Signal Processing 


“A Spectrum Explorer® system can draw 

a complete picture of the radio spectrum 
within seconds, which can then be updated 
on an ongoing basis. Recent improvements 
are prompting a significant increase in 

the number of units used by Industry 
Canada’s radio inspectors and are expected 
to stimulate sales by our licensees. The 
technology offers next-generation solutions 
for other users, including service providers, 
law enforcement agencies and military 


organizations.” 


A high-performance Spectrum Explorer® was successfully implemented and 


demonstrated over the past year using only a moderate-cost spectrum analyzer and 


a laptop computer. This provides Industry Canada with an economical, portable and 


calibrated equipment set with extended frequency coverage. It also has the potential 


to increase licensing for CRC technologies internationally. 


Clearing the way for DTV 


Digital television (DTV) transmission systems open the possibility of sharing the core 
DTV-UHF spectrum with other licensed or unlicensed services. CRC is conducting 

two major studies for Industry Canada to ensure a smooth introduction of these new 
technologies. One study is measuring the impact that new unlicensed devices using the 
television spectrum will have on DTV, while the other is examining new technologies 
using the TV spectrum and efficient video coding for DTV and multimedia services. 


“CRC is conducting extensive 
studies and tests to investigate the 
interference effects of new emerging 
technologies such as IEEE 802.22 
Wireless Regional Area Network 
(WRAN) and IEEE 802.16 WiMAX 
on DTV reception, and to devise 
appropriate sharing criteria for 
their possible deployment in the TV 
bands. The results of such studies 
will be provided to Industry Canada 
for the development of necessary 


rules for the use of DIV-UHF 


KHALIL SALEHIAN 
Research Engineer, 
Television Networks and Transmission 


spectrum by these new services.” 


Other Highlights 


+ CRC's coverage prediction and analysis software (CRC-COVLAB) was used to 
conduct interference analyses for the anticipated FM-IBOC service roll-out in 
the US., close to the Canadian border. 


+ Radio-Canada adopted an enhanced version of CRC-COVLAB as its main 
broadcasting analysis tool to ensure quality transmissions across the country. 


+ CRC, the University of Calgary and COM DEV Canada continued development 
on the ePOP (enhanced Polar Outflow Probe) radio receive instrument, which 
will be aboard the Cassiope satellite, scheduled for launch in 2008. 


+ CRC data on cloud attenuation modeling and facing will form part of a larger 
report for the European Space Agency on radiowave propagation for satellite 
communications and navigation in tropical and sub-tropical areas. 


+ CRC conducted a study of the impact of new broadcasting and 
telecommunications technologies (e.g. Digital Video Broadcasting Handheld 
(DVB-H), MediaFLO and WiMAX) on television broadcasting services in Canada. 
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CRC is a major contributor to 
Canadian and international 
standards. Over the past year, 

a number of groups at CRC 
prepared engineering studies 
for Industry Canada on spectrum 
issues related to a major update 
of Canada’s spectrum licensing 
system, and on FM-IBOC 
technology assessment. 


1 V transmissions 


CRC is currently testing a proposed 
improvement to the ATSC 
transmission standard used for 
HDTV in North America. The 
change will make it possible to 
receive DTV and new services on 
handheld and mobile devices, and 
improve reception at fixed locations. 


Defence Communications 


CRC’s Commitment 


To support Canada’s national defence 


- = ——- Strategic Priority 


CRC will enable DND to make decisions on procurement and deployment of military 
communications systems. 


CRC is a global leader in the area of Autonomous wireless sensor networks to aid military 


mobile ad hoc and sensor wireless 


communication technologies. As As battlefields become more complex, it is critical that military personnel have access to 


art of the SASNet project, CRC is timely, accurate and relevant information at the tactical level. CRC is assisting in this task 


through its investigation of new aerial and ground sensor networks for search and rescue, 
providing advanced technologies eal ee 
surveillance and monitoring over civilian populated zones. 
hat allow autonomous sensor 

networks to perform integrated 
surveillance tasks and provide 


mproved situational awareness. 


The opportunities to move these ivpecint Software developed for RUNES 
ger, i deste 
echnologies to the field are Mobile Ad hoc (Reconfigurable Ubiquitous Network 
I Niel | peer and Sensor ; : ; 
excellent, providing a leap-anea j Network Systems Embedded Systems) could help provide 


capability to the Canadian Army’ l i : i 
eee SAESIEUNAON Canada’s land-based forces with 


tactical information collection. 


improved surveillance capabilities, as 


part of the Depaxtment of National 
Defence’s SASNet (Self-healing 


Autonomous Sensor Network) project. 
CRC’s technical contributions to RUNES 
will also help accelerate commercial 
deployment of this critical new 
technology to other sectors, including 


border control, rescue and emergency.” 


CRC is collaborating with the European Union to create an autonomous self-healing 
wireless communication system (RUNES) that will enable network-embedded 
systems to interoperate and adapt as their environments change. For example, if a 
system component is damaged during a fire in a tunnel, other components could 
compensate so emergency response efforts can continue. 


Moving advanced communications from vehicles to soldiers 


When Canada's Land Forces need to evaluate new wireless communications technologies 
to fill specific secure broadband wireless needs, they turn to CRC’s Wireless Applications 
and Systems Research group. Over the past year, CRC investigated the potential 
application of Joint Tactical Radio Systems Soldier Radio Waveform, 802.16 WiMAX 
Broadband Wireless Communications Systems, and wireless communications within 
vehicles. 


“We are conducting extensive studies 
and evaluations on these technologies 
in order to identify performance 
characteristics and functionalities, 
and thereby ascertain their suitability 
to various military environments and 
applications. One of the goals of 
these evaluations is to put advanced 
communication capabilities into the 
hands of soldiers, rather than into 


vehicles, thereby moving towards a 


JOE FOURNIER 
Manager, WISELAB (Wireless Systems” 
Engineering Laboratory) 


network-centric future.” 
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Joe Fournier and his team from the WISELAB conducted their first evaluation and 
demonstration of advanced broadband secure military radio capabilities at CRC in 
collaboration with ITT Industries and Oerlikon Contraves Inc. About 50 people from 
various groups of DND and DRDC attended a live demonstration. 


Other Highlights 


+ CRC’s demonstration of a Policy-Based Trafic Management System prototype 
is advancing efforts to improve the management of communication resources in 


maritime environments. 


+ Field trials are planned of CRC-developed antenna prototypes for a Multiple 
Input Multiple Output (MIMO) system, to be mounted on light-armoured 


vehicles. 


+ DND's Land Forces Trials and Evaluation Unit (LFTEV) has commissioned CRC 
to study ways to reduce the technological risks associated with the design and 
acquisition of a wireless digital video system. CRC identified key technologies 
and design parameters that will meet their requirements. 


sortEs PN? git Coles Md eee BT 
Linking Canadian and allied 


CRC continued developing 
next-generation mobile wireless 
communications to meet current and 
future military requirements (High 
Capacity Tactical Communications 
Network). This included providing 
technical support to the Canadian 
Army in field trials of a network 
interface device to interconnect 
their Tactical Network with alliance 
partners in Afghanistan and 


elsewhere. 


The Medium-Earth Orbit Search- 
and-Rescue (MEOSAR) system will 
be like moving from a slow, dial-up 
Internet connection to a high-speed 
always-on connection. The many 
benefits include continuous global 
coverage, more reliable reception 
of beacon signals by multiple signal 
paths, near-instantaneous detection 
and location of beacons, and the 
ability to track moving beacons ona 
life raft or on an aircraft even before 


it crashes. 


Network Security and Public Safety 


CRC’s Commitment 


To enhance Canada's safety and security 


Strategic Priority 


CRC will provide advice regarding the security of network infrastructure for 
communications, commerce, defence and other applications. In partnership with other 
Canadian organizations, CRC is examining the needs and capabilities of technology in this 
field, including the security of wireless networks. CRC will also develop new technologies 
for emergency/disaster communications, and search and rescue. 


The ultimate search and rescue system 


Soon, search and rescue authorities will be able to locate nearly anyone in distress. CRC 
is contributing to a next generation satellite system that will provide search and rescue 
authorities with the ultimate distress alert and locating service. The MEOSAR system 
will radically reduce search and rescue response times by providing near-instantaneous 
distress alerts from virtually anywhere on the planet, including Canada’s far North. 


“CRC is recognized as a world leader 

in search and rescue via satellite. 

With the MEOSAR project, we have 
provided significant technical support 
at the international level for this new 
constellation of search and rescue 
satellites. We've demonstrated the 
system's capabilities from CRC facilities 
to foreign delegations from Australia, 
Brazil, the U.K., France, the U.S., South 
Korea and Turkey. This has provided 


excellent visibility to CRC and Canadian 


JIM KIN 


Director, Major Satellite Communications 
Programs 


companies involved in MEOSAR.” 


Jim King’s team in the Major Satellite Communications Program worked with EMS 
Satcom in Ottawa and the Canadian Space Agency to develop a prototype ground 
station for MEOSAR, which allows distress beacons to be detected and located 
quickly. Preliminary trials have demonstrated great potential 


Safeguarding Canada’s network infrastructure 


Network security and reliability are issues of national concern and an ongoing priority of 
Industry Canada. CRC's Network Security team is working on several research fronts to 
minimize this risk, including detection of next generation of attacks, detection of disguised 
malicious activities, next generation of network management systems and tools, and 
development of advanced test strategies and facilities. 


‘A secure network infrastructure and supporting 
network services is a fundamental tenet of 
reliable and robust communications systems. 
CRC is committed to a Network Security 


Research Program that identifies and develops 


the essential security components for the next 


generation of wireless and wired networks. 


The applied research activities and prototype A new way to test network 


products contribute to the technology base that Sericr Research 


Engineer, 
Network Security 
Research Program 


YMCHYCH 


is used by both government and the private In a separate project led by CRC, 


sector to better protect critical information researchers developed a way 


i 2 eine BW } , Pe ie 
communications technologies. TIM of testing commercial intrusion 


detection systems by using the 
product's own library of known 


attacks. This approach is radically 


CRC is developing better algorithms and techniques to detect emerging threats on 
network infrastructures, applications and services. Rather than using signature-like 
features, which do not meet current requirements, CRC has prepared a proof-of- 
concept for a new approach that can find new and similar attacks. This work shows 
the first signs of being able to predict that certain activities seen over the network 
can be directly linked to attacks. 


Other Highlights 


+ CRC identified future research in cyber security, in collaboration with Public 
Safety Canada, DRDC, National Research Council (NRC), Communications 
Security Establishment and Industry Canada. 


+ Industry Canada and other public and private sector organizations benefited 
from CRC's significant capability in virtualized network security testing. 


+ The US. President's National Security Telecommunications Advisory Task Force 
held an R&D Exchange Workshop in Ottawa in which CRC participated and 
helped organize. 


+ CRC developed and demonstrated a Policy-Based Network Management 
prototype system for secure management of networks in partnership with 
DRDC. 


different from current testing 
techniques, which depend on 

using programs that exploit 
vulnerabilities in systems, since not 
all exploit programs are available to 
researchers or product vendors. This 
new technique will likely be used to 
augment the testing strategies within 
the Industry Canada, Spectrum 
Information Technologies and 
Telecommunications (SITT) Protocol 


Analysis Lab. 


CRC test results led to the selection 
of a new international Digital Audio 
Broadcasting (DAB) standard known 
as DAB+, using much more efficient 


audio coding techniques. 


Internet and Convergence 


CRC's Commitment 


To accelerate development and adoption of new Internet technologies 


Strategic Priority 


CRC will provide technical insight into future convergence issues (Internet, wireless, 
optical, broadcasting) to assist government in making informed policy decisions. 


Making television mobile 


CRC is paving the way for a new generation of digital television (DTV) services that give 
broadcasters the option of using part of their channel capacity to offer TV programs and 
other data services to portable or mobile devices, including laptops and cell phones. 
Developed jointly by Samsung Electronics and Rohde & Schwarz, the Advanced-VSB 
(A-VSB) system is an enhancement to the current 8-VSB transmission system. The goal of 
A-VSB is to improve reception of 8-VSB in fixed, mobile or portable modes of operation. 


“ Preparing for the A-VSB testing has 
been a big priority for CRC’s Television 
Networks and Transmission group 
over the past year. Rohde & Schwarz 
collaborated with CRC to establish a 
sates Single Frequency Network in Ottawa in 
order to set the means to test Samsung's 
A-VSB in a number of conditions such 
as fixed, indoor, downtown, portable 
and mobile reception. Samsung 
proposes A-VSB as a standard to the 
Advanced Television Systems Committee 
(ATSC) and CRC provides an unbiased 


environment to perform all the 


BENOIT LEDOUX 
Project Leader and Research Engineer, necessary tests, 
Television Networks and Transmission 


Se 


CRC is building a new DTV distributed transmission network. The new facility 
will make research possible in new areas such as advanced-VSB, single frequency 
networks, and portable and mobile television transmission. 


Helping set global standards for IPTV 


The CRC is one of the world-class research organizations contributing to global efforts 
to establish standards for Internet Protocol Television (IPTV). CRC is supporting the 
International Telecommunication Union, and the Institute of Electrical and Electronics 
Engineers (IEEE) in their efforts to ensure equipment interoperability and quality of 
service (QoS) for IPTV. 


“CRC is working to bring quality 


of service guarantees to IPTV, 


as is the case with conventional 


television. Our group is 


investigating QoS issues related nape ; ne : 
CRTC review on Future of 
to IPTV. We also presented several 18 eRe peers 
Broadcasting 


tutorials on IPTV, namely at 
J In response to the CRTC Notice 


the International Broadcasting : (ad ay on the Future of Broadcasting 
Convention in 2006 and have 7 : ‘< CRC prepared a report that 
been invited back for 2007.” included a description of emerging 


AN DRE VINCENT broadcasting technologies, their 


oiasearch Manager, Advanced Video Systems potential impact on policies 


and regulations, as well as future 
broadcasting technologies CRC is 


A exploring. 


CRC Advanced Video Systems group is developing a test bed to analyze how 


delay, compression bit rate, transmission errors and other issues are affecting picture 
quality. The resulting research will be of direct benefit to telecommunications 
equipment manufacturers and broadcasters worldwide. 


Other Highlights 


+ Environment Canada is testing CRC's User Controlled Lightpath Provisioning 
(UCLP) system software (Version 2) in a new articulated private network 


connecting EC sites across Canada. 


+ CRC has become an affiliated partner in the Opt!Puter, a U.S. National Science 
Foundation project that interconnects distributed storage, computing and 


visualization resources using optical networks. 


+ CRC successfully tested new error correction codes to enhance the error 
robustness of mobile broadcasting applications over the ATSC DTV system. 
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Promoting e-health 


A new partnership between CRC, 
NRC, the Centre for Global E-Health 
and Innovation, the Canadian 
Obesity Network and the Canadian 
Pediatric Society will focus on 
developing broadband visualization 
tools and networks to support youth 
and citizen engagement on the 
enhancement of e-health services. 
The first session included a virtual 
town hall session on “diet and body 
image’ involving more than 600 


students from across Canada. 


Applications 


CRC’'s Commitment 


To put technology to work for Canadians’ health 


Strategic Priority 


CRC will assist content providers and user communities in connecting together, and 
evaluating new tools and applications for social benefit. 


Tele-health: Bringing healthcare to the home 


CRC is working with public and private sector partners to develop a cost-effective and 
commercially viable medical home care solution for North Americans, regardless of 
where they live. The Remote Assertive Community Homecare (REACH) project can use 
either satellite or terrestrial broadband technology to connect patients requiring daily 
supervision with care providers from Assertive Community Treatment (ACT) programs. 
The technology allows ACT staff to supervise the taking of medication and monitoring of 
the patient's health remotely, enabling them to manage a greater case load and improve 
the overall quality of care. 


“Our test results from the field 
trial with London Health Sciences 
confirmed that the technology can 
reduce the cost of ACT teams by 
more than 20%, while improving 
the quality of care available to 
patients. We were so encouraged by 
the success that we're now focusing 
on adding new features to the 
product to increase opportunities 


for its commercial success.” 


| JIM AIAMILTON 
~«* Manager, Satellite Multimedia Applications 
Research and Trials (SMART) Program 


CRC SMART team demonstrates new satellite communications services in 
applications in collaboration with national and international partners to provide 
Canadians, wherever they are, with services like tele-education, tele-medicine and 
tele-government. In 2006, CRC demonstrated the REACH project at the Canadian 
Psychiatric Association Meeting in London, Ontario and at the International 
Telecommunication Union's conference in Hong Kong. 


A new way to interact with computers 


CRC is working on key technologies that will allow the development of human-network 
interfaces that are less intrusive than keyboards and computer screens. In the future, new 
interface devices will be deployed across peer-to-peer computer networks so that the 
user interface is distributed throughout people's personal environments. This deployment 
will require the integration of advanced computer graphics, real-time network protocols 
and custom sensing devices. 


“Building on our past success in 
creating technology for shared 
three-dimensional virtual reality, 

we are now working to reduce 

or remove the human interface 
boundaries. Our goals are to 
replace the computer keyboard and 
mouse with more intuitive devices, 
and to further refine the use of 
sound for navigation and the feeling 


of presence.” 


JOHN STEWART 
Senior Researcher, Networked Media 
Laboratory 


be 


CRC’ advanced virtual reality FreeWRL browser is gaining broad acceptance in both 
industry and academia. The FreeWRL code is downloaded from the web an average 
of 4,000 times every month. 


Other Highlights 


+ CRC is developing wireless sensors for biomedical and environmental 
applications as part of a new three-year agreement with the National Taiwan 


University. 


+ An international standard was established based on CRC's Audio Loudness 
meters. The technology has been distributed to several regional broadcast 
organizations around the world to solve the problem of loudness experienced 
by consumers when switching between television channels. 


+ CRC completed a three-year project with the University of Ottawa and National 
Research Council on Virtual Navigation in Image-Based Representations of Real 
\World Environments (NAVIRE). 


CRC, in partnership with Carleton 
University's Immersive Media 
Studio and the National Research 
Council, completed the CANARIE- 
funded EUCALYPTUS project — a 
new web-services technology that 
enables architects, designers, and 
engineering and construction 
teams working in different cities 


to collaborate online to design 


buildings or entire neighbourhoods. 


The project, which could lead to 


new applications in architectural 


design, gaming, emergency response 


and the performance arts, recently 
won the ORION Discovery Award. 


Core Science 


CRC’s Commitment 


To maintain Canada's leadership in science and technology 


About 25% of CRC's research effort is spent on core research activities aimed at building 


intellectual capacity required to address client requirements. Some of the facilities and 


expertise associated with these core competencies are unique in Canada and even in 


North America. 


CRC focuses most of its scientific research efforts and funding on five main core 


competencies: 


Wireless systems (terrestrial and satellite communications) 


Communications networks 


Radio fundamentals (propagation) 


Broadcasting and interactive multimedia 


Photonics (optical communications) 


2006-07 Highlights 


New Facilities and Upgraded Capacity 


' 


Higher frequency wireless research (up to 100 GHz) will be supported by the 
new Research in Advanced Antenna Technologies Laboratory (RAATLab), as 
well as installation of a sophisticated beacon/radiometer receiver operating at 20 
GHz. 


Improved photonics capability with the opening of CRC's new 20,000 square- 
foot Photonics Lab, which includes offices for staff and guest workers. 


Better in-lab digital broadcasting testing for receivers and other broadcasting 
equipment with the acquisition of new modulators, channel simulator and 
development of software for sampling off-air DTV signals. 


New multimedia broadcasting test bed is being developed to support testing 
of IP-based multimedia and video streaming applications, mobile TV and IPTV 
services. 


Building critical mass in wireless R&D through CRC's continued leadership of six 
publicly funded wireless centres across the country (Canada Network of Wireless 
Centres). 


Enhancing the performance of mobile communication systems using CRC- 
developed software to evaluate and improve line-of-sight operations for urban 
environments as part of the European Commission's Wireless World Initiative 
New Radio (WINNER) program, in collaboration with Carleton University. 


Advancing optical communications through CRC's new collaboration with 
NASA Langley to develop a fibre Bragg grating-based fibre laser source. 


Partnering with industry to implement a Single Frequency Network (SFN) 
infrastructure in Ottawa to test advanced vestigial side band (VSB) for Rohde & 
Schwarz. 


Selecting a new European standard following CRC testing of three candidate 
systems for the WorldDMB Task Force on Audio Coding for digital radio 
broadcasting. 


Building more advanced research networks using CRC's all-optical network 
(AON) test bed to improve performance of a new hybrid reconfigurable optical 
add/drop multiplexer (ROADM) architecture. 


Demonstrations 


Training surgeons at a distance: CRC, University of Ottawa, University of 
Alberta, CANARIE and a private sector company demonstrated how eye 
surgeons in different locations can be trained using haptics and high-speed 
networks. 


Testing next-generation optics: CRC demonstrated a lower-voltage and better 
performing semiconductor electro-optic switch; novel optical components 

for optical switching, filtering and sensor applications; and a simple, fast and 
economic method to fabricate low-cost polymer photonic devices. 


Developing prototypes: CRC successfully tested a beam steering mechanism 
prototype, based on CRC's patented antenna steering technology. 


Converting 2D to 3D: CRC has successfully demonstrated a novel technique 
that converts two-dimensional images and video to 3D as a step towards making 
3D-TV a reality. 


New Technologies 


Broadband system: CRC has developed an innovative calibration technique 
related to next-generation broadband systems. 


New codec: CRC is working on a Spike-based Audio Codec, which partially 
mimics the behaviour of the human auditory system. 


New processes: CRC developed a component fabrication and a set of assembly 
processes to fabricate and test 77 GHz high Q-factor resonators, which are used 
in collision avoidance radar, wireless sensing and security applications. 


Free download: An eight-state Turbo code design and simulation tool is 
available on CRC's Web site to highlight the performance of CRC's patented 
techniques. 


New software: CRC has developed software for the Global System for Mobile 
Communications (GSM) synchronization, demodulation and decoding of the 


forward and reverse channels. 


Spectrum: CRC worked on a direct Ka-band transmitter calibration technique. 


Leveraging Canada’s strengths through partnerships 


CRC collaborates with public and private sector partners in Canada and internationally to 
guide public policy and to strengthen the competitiveness of Canadian companies. 


CRC and Canadian Partners 


»deral: Partners include, amongst others, Industry Canada, Canadian Space Agency, 
Defence Research and Development Canada, the Canadian Broadcasting Corporation, 
CANARIE, Environment Canada, Canadian Radio-television and Telecommunications 
Commission, Communications Security Establishment, Okanagan Research & Innovation 
Centre. 


Partners include, amongst others, University of Ottawa, Carleton University, 
Université de Sherbrooke, University of Manitoba, University of Calgary, Université du 
Québec en Outaouais, Queen's University, Université Laval, University of Waterloo, Ecole 
de technologie supérieure, Simon Fraser University. 


Private Sector 


CRC collaborates with 33 companies across Canada to accelerate technology 
development and commercialization. 


Through its participation in the Canada Network of Wireless Centres (CWCnet) and the 
CRC Innovation Centre, CRC also supports small- and medium-sized companies to bring 
wireless communications technology to the marketplace. 


CRC and International Partners 


CRC brings Canadian expertise in advanced communications to the global stage, while 
leveraging the critical mass of other countries to the benefit of Canada. Through its 
international partnerships, CRC is helping to close the innovation gaps in Canada’s 
communications sector and identify marketing opportunities for Canadian business. 


As a neutral third party with a strong expertise in spectrum matters, CRC is often 
called upon by international organizations and major equipment manufacturers in the 
development of new wireless standards. 


Partner Highlights 


India: India’s Centre for Development of Telematics (C-DOT) is working with CRC and 
a Montréal company to develop a WiMAX cognitive radio Internet technology that can 
bring broadband wireless to small communities in Canada, India and elsewhere in the 
world. 


South Korea: CRC concluded a two-year collaborative research agreement with 
Electronics and Telecommunications Research Institute (ETRI) on voice-enabled 
broadcast applications. Under this collaboration, CRC has contributed to the 
development of a draft specification that will be the basis of a formal WorldDAB technical 
committee standardization process for Internet access in vehicles. 


Europe: CRC is working with European partners on several fronts. 


- European Commission's Wireless World Initiative New Radio (WINNER) 


consortium: CRC and Carleton University develop ray-tracing simulation 
software. 


- European Union PHOSPHOROUS project: CRC, Nortel and CANARIE test a 
new generation of scientific applications that couple scientific instruments, data 
and high-end computing resources on a global scale. 


- European Union-led autonomous self-healing wireless communication system 
CRC is collaborating on a system that will enable networked embedded systems 
to interoperate and adapt as their environments change. 


- International Telecommunication Union (ITU): CRC contributes to the radio 


propagation, video quality and several other ITU programs. 


- European Space Agency (ESA): CRC participates in ESA programs related to 
tele-medicine via satellites and search and rescue. 


United States: CRC has become one of the first Canadian partners of the U.S. National 
Science Foundation’s Opt|Puter computer science research project — one of the first 
initiatives under the Canada-California Strategic Innovation Partnership. 


CRC continues to work with the U.S. on Search and Rescue via Satellite (SARSAT) for the 
development of the next generation MEOSAR. 


Other international partners: Australia, Brazil, China, Finland, France, Germany, Israel, 
Japan, Mexico, Russia, Singapore, Spain, Switzerland and The Netherlands. 


Other Partner Highlights 


- CRC was one of the organizers and a major participant in the 33rd APEC (Asia- 
Pacific Economic Cooperation) Telecommunications and Information Working 
Group meeting, held in Calgary in April 2006. Activities included technology 
demonstrations, virtual presentations and the Grid Showcase. 


- The ITU Telecom World 2006 in Hong Kong featured presentations and 
demonstrations by CRC. 
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More than 100 companies can be 
traced to CRC. From that number, 
60 spin-off companies generated 
$1.61 billion in sales in 2005, 
according to a comprehensive 2006 
study of the CRC’s economic impact 


by Doyletech Corporation. Other 

highlights of the report include: 

- CRC clients generated $33.7 
million in licensing and 
contracting revenue over 
a 15-year period, and 

- CRC's 961 licensing and sponsored 
research agreements generated 
$520 million, and created 2,602 
person years of employment 
between 1990 and 2005. 


CRC's Commitment 


To commercialize promising public research 


Moving Software Defined Radio into the mainstream 


Following eight years of research and development, CRC launched a new development 
toolkit for Software Defined Radio (SDR) in November 2006 that will speed its adoption 
in civilian markets, including space, avionics, automobile, public safety and consumer 


electronics. SDR can accommodate any communications protocol and frequency band 


simply by downloading the appropriate software on the selected radio hardware. 


For example, it enables ambulance workers, police, firefighters and other emergency 


personnel to quickly reconfigure their radios to a communications protocol in order to 


connect during a crisis. 


“Our SCARI Software Suite 2007 
minimizes learning curves and 
greatly simplifies the complete SDR 
development life-cycle. Developers 
will no longer have to redesign their 
components from a blank canvas, as 


components can now be assembled 


from a library of much smaller 


artifacts by simple drag-and-drop 


functionality.” 


The SCAR! Software Suite 2007, composed of a core framework and a series of 
development tools, has been adopted by major radio manufacturers and research 


centres around the world and is also available, all integrated, on key commercial 
off-the-shelf (COTS) platform providers, including Spectrum Signal Processing, ISR 


Technologies, Lyrtech and Pentek. 


2006-07 Impact 


Intellectual Property (IP) Agreements 
- Total number of IP agreements executed: 87 


- The IP Portfolio consists of 496 active agreements 


Collaborative and Contracting-in Agreements 
- Total number of agreements executed: 82 


- The collaborative and contracting-in portfolio consists 
of 142 active agreements 


Patent Portfolio 
- New patent applications filed: 18 
- New patents issued: 8 


- Patent portfolio consists of 237 active patents and 
applications (98 inventions) 


CRC-COVLAB signs another 


customer 


CBC Radio-Canada has adopted 
CRC's coverage prediction and 
analysis software to ensure quality 
broadcasting transmissions acioss 
the country. Since 1993, CRC has 
sold approximately 60 licences of 
CRC-COVLAB and related software 
in Canada, the United States, 
Mexico, Brazil, Australia, Switzerland, 
Taiwan and South Korea, generating 
over $733,000 in revenue. 


To date, 48 companies from Canada 
and around the world are paying 
royalty and licensing revenue to 
CRC related to the CRC and the 
United Technologies Corporation 
fibre Bragg grating and Toshiba/CRC 
fibre coupler patent portfolios. A 
new U.S. patent was issued to CRC 
in April 2006 for its Bragg Grating 
and Method of Producing a Bragg 
Grating Using an Ultrafast Laser, and 
several companies have expressed 
interest in licensing the technology. 
Other patents are pending. 
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Revenue 06- 07 (in Millions) 


@ Industry Canada - Operations, Capital Assets, & 
Spectrum Research 


-@O&M Funding from{C Corporate Reserve 


@ Additional Capital Funding: 

@ DND - Research 

@ Cost-recoverable Tenant Services 

@ Contracting-in & Licensing 

@Revenue Reported under Other Government 
Departments (OGD).- CSA & DND 


TOTAL $54.2M. 


Expense 06-07 (in Millions) 


@ Direct Research 

@Research Support & Administration 

@ Site Operations & Other Expenses 

@ Photonics Lab Construction Costs and Loan Repayment 
on Previous Construction Project 

© Expenses Reported under Other Government 
Departments (OGD) - CSA & DND 


TOTAL $54.2M 
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1970 1975 1980 1990 


2005 


from DeHavilland 


Originating government labs or departments 


Director indirect spin-off of CRC 


Radio Propagation Laboratory, 


Electronics Laboratory 


FAMILY TREE OF THE 


COMMUNICATIONS RESEARCH CENTRE 
An agency of Industry Canada, the Communications 
Research Centre Canada (CRC) is the federal 
government's centre of excellence for communications 
R&D, providing independent advice for public policy 
purposes. In operation since the late 1940s, its mission 
is to advance innovation in Canada’s communications 
sector by engaging in industry partnerships and 
supporting small and medium-sized high technology 
enterprises in the communications sector. Through 
these efforts, CRC has had a significant impact on\ the 
telecommunications sector across the country by 
stimulating the growth of new companies through its 
Innovation Centre, spin-offs and'technology transfer. 


SPAR 
via RCA i 


> to MacDonald Dettwiler Robotics 


—+ to L-3 Communications (2001); 
now called L-3 Communications 
SPAR Aerospace Limited 


RADARSAT International 
Vadeko International. —— > 0 AGRA 


—> to MacDonald Dettwiler and Associates Ltd. 


COM DEV 


Fusion Microwave to Cincinnati Microwave 
= acquired by SR Telecom fe-acquired from SR Telecom 7 
Apollo Microwaves Apollo Microwaves 
( Redifacts ) 


merged with Gandalf (late 80's) to Advantech AMT (2005), 


Department of Communications j 


via EMI Cossar & Hermes 


RESEARCH ODOLO 

This ‘family tree’ shows the genealogy of high 
technology companies that had'their principal origins in 
the Communications Research Centre (CRC) or its 
predecessor, the Defence Research Telecommunications 
Establishment (DRTE). The branches on the ‘tree’ refer 
to the sources of either their technology or their key 
people. The main criterion for source identification is 
based on the premise that the company would not have 
been formed if the technology or the people had not 
been involved at that particular point in time. It includes 
only new companies that were formed as a result of CRC 
or DRTE involvement as well as spin-offs from those 
companies. There are many other companies that have 
received technology and technical assistance from CRC 
and DRTE, but they are not included here unless such 
interaction resulted in the formation of new companies. 


= NAUTEL 


—( Gandalf Technologies Ltd. >— 


(operates as SpaceBridge, 
an Advantech AMT company), 


Gandalf Mobile Systems (GMS!) 


—+ to SIGEM (1999) 


=a to DecisionOne (1997) (services division only) 


+ to Mitel (remote access business only) 


SkyWave Mobile Communications 
acquired by CALIAN (1993); : 
part of CALIAN until 1997 Square Peg Communications Terrapin Communications 


> to Alouette Telecommunications (1992) 
(operates as Telesat Canada) 


SpaceBridge 


Miller Communications 


SPAR's Montreal 
operations acquired 
1998) 


= Skywave Electronics 


to CALIAN 


Telesat Canada 


EMS acquired majority ownership of CAL in 1993 


CAL EMS Technologies 
TELEMUS Excalibur Systems ‘to DRS (2004): now operates as 
ORS Electronic Warfare and to BCE (1998) (operates 
Tactical Technologies ) Network Systems (Canada) Ltd as Telesat Canada) 
ficedexsolware Routes + name changes to ROUTES 


ASTROEngineering 


Arcturus Enginee ing 
TMI Communications 


os (called Telesat Mobila when it was founded 
in 1988; became known as TMI when it 
became a wholly owned subsidiary of BCE Inc.) 


VISTAR Telecommunications 


to NSI Global (2001) ——» to TransCore (2004); 


— VISITAR, the wholly owned 
G-COM Satellite systems 


subsidiary of NSI Global, 


acquired by TransCore 
MobleSaemevenues) 


Petrie Telecommunications 


Communications Intellitech Canada —— > to CGI Group 
Research Redline Communications 
Canada i= Diversitel Comm. 9 9 9 TeSiePhotonics 


——(Infomart)— 


———> to Dialog & Southam (1994); became 
Infomart Dialog Ltd. as a 50/50 joint venture 


Trumph Solutions 


SEMCO IP Unwired 


ISR Technologies 


to Canwest Global Communications (2000); now called 
FPinfomart.ca, a division of CanWest Interactive Inc. 


TAL ———> to Chipworks (1996) to Plaintree Systems (2000) 
EEE —__ ae DO Neat») L gepamemaas Wireless 


Norpak IDON Corporation IDON Technologies 
Spectrum Target Detection 


to REMEC (1997); became the SS Nanowave Technologies 


Canadian subsidiary called REMEC re-acquired from REMEC 
Nanowave Technologies Inc. 


Nanowave Technologies: 
Gandec Systems AstroCom Associates 


Stratos Global 


WebTech Wireless 


Kalador Entertainment 
Columbus Group Communications 


MDS! Mobile Data Solutions 
InStep Mobile Communications 


to Alcatel Optronics, a subsidiary of Alcatel 
(2000); renamed Alcatel Optronics Canada 


to IP Applications (2004); 
(operations consolidated 
inside IP Applications) 


to Alcatel Optronics U.K. (2002); Alcatel Optronics 
Canada closed (operations transferred to the U.K.) 


Cypress Solutions 
aS ss to TELUS (2001); became part 


18 Technology of TELUS Enterprise Solutions 
eMobile Data 


| — Ultimateast Data Comm. 


= 
Soft Tracks Enterprises 


Motorola Wireless Data Systems 


|| -via MDA 


acquired by Motorola in 1988 


{_ Mobile Data International 


to Itron (2002) 


name change to e-Dispatch.com ——» to AirlQ (2001) 
Wireless Data Inc. (1998) 
Tsunami Solutions 


—> to Norcom Networks; —~» to Wireless Matrix (2001); (acquired 
(Narrowband became a Norcom Networks; In April 2003, 


Narrowband Telecommunications Research 


via University of Saskatchewan 


— _ — — ~ — CTF Oputal teehroregtes wholly-owned subsidiary) Narrowband's operations were 


amalgamated with Wireless Matrix) 


—ée Chalk & Wire Professional Development) 


Novra Technologies 
(SpectraWorks ))—> to Norsat International (2000) 


(TeraXion _) 
to Aironet Wireless > 2 Cisco (2000) 


Communications acquired Alone!) 
Acquired Intelligence 


BRAGG Photonics to Avensys (2003) 
PIKA Technologies 


IL GatCentricTectnologies)) 
= (BioDentity Systems to CryptoMetrics (2004); now called 


BioDentity Systems Corporation, a wholly 
J owned subsidiary of CryptoMetrics Inc. 


to 3M (2002); now 
fully integrated into 3M 


> to RACAL Canada (1994) 


RACE Technology 
Precision Photomasque 


—{ InfoMagnetics Technologies ) 


to C-Chip Technologies (2005); 
Avensys acquired by C-Chip 


Canstar Communications 


Hi Tech Canada 


vielBEes Hronles\: TRL Microwave Technology 
SCI-TEC Instruments 


> merged with Kipp & Zonen (1996); 
Saskatoon operations later closed 


Display Systems International 


Terminal Systems International 


Compucable 


Fleet Aerospace acquires controlling interest in SED Systems ') 1986 


Novametric Engineering 


Scientific Instrumentation. 
Pakwa Engineering 


to CALIAN (1990); now operates as 
SED Systems, a division of CALIAN Ltd. 


AgnSpace Technologies 


Warden Systems 


Startco Engineering 


(DSiroiher Satelite) 
Com (tka Wavecom Electronics) ) 
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de DeHavilland 


1960 9 I 


1970) 1975 1980: 


1985 1990 1995 2000 92005 


isteres ou laboratoires gouvernementaux d'origine 


es Entreprise dérivee directe oujindirecte du CRC 
2 ae, 


via RCA 


I 


fusion avec Gandalf (fin des années 1980) 
Gandalf Technologies Ltd. 


wy, Miller Communications 


ir 4 MacDonald Dettwiler Robotics 


> 41-3 Communications (2001); 


{ Vadeko International )- 


RADARSAT International 


——+ a AGRA 


maintenant appelé L-3 Communications 
SPAR Aerospace Limited 


@ MacDonald Dettwiler and Associates Ltd. 


COMDEV 


Apollo Microwaves 


—— Fision Microwave )— Microwave 


acheté par SR Telecom 


+ 8 Cincinnati Microwave 
racheté de SA Telecom. 


Circtronics 
I (Gitar D> 


‘(Giedifacts) 


SpaceBridge 


Gandalf Mobile Systems (GMSI) ———+ a SIGEM (1999) 


4 Advantech AMT (2005); fonctionne 
sous le nom de SpaceBridge, une entreprise 
d'Advantech AMT 


achat des opérations de 
Montréal par SPAR (1998) 


aaa 4 DecisionOne (1997) (division des services seulement) 
4 Mitel (1997) (secteur de l'accés a distance seulement) 
Skywave Electronics 
@ CALIAN acheté par CALIAN (1993); 


SkyWave Mobile Communications 
composante de CALIAN jusqu’a 1997 (ee Square Peg Communications )—{_ Terrapin Communications ) 


F Telesat Canada IL 


—+ a Alouette Telecommunications (1992); 
fonctionne sous le nom de Telesat Canada 


EMS achéte la participation majoritaire de CAL en 1993 


EMS Technologies 


4 BCE (1998) (fonctionne sous 
le nom de Telesat Canada) 


4 DRS (2004); fonctionne maintenant 
sous le nom de DRS Electronic Warfare 
and Network Systems (Canada) Ltd. 


{_ EMC Consulting ) 


TELEMUS Excalibur Systems 
—(Tactical Technologies 
CPricedex Software») Software 


> rebaptisé ROUTES ASTROEngineering 


Centre de 
recherches sur les 


Laboratoire d'électronique 


RE GENEALOGIQUE DU 
CENTRE DE RECHERCHES SUR LES COMMUNICATIONS 
Le Centre de recherches sur les communications Canada 
(CRC), un organisme d'Industrie Canada, est le centre 
d’excellence du gouvernement federal dans la recherche 
et développement en matiére de communications. || 
dispense des conseils impartiaux qui servent a formuler les 
politiques publiques. Fondé a lai fin des années 1940; sa 
mission consiste a faire progresser l'innovation dans le 
secteur des communications au Canada en forgeant des 
partenariats avec l'industrie et en venant en aide aux 
petites et moyennes entreprises de technologie qui 
ceuvrent dans ce secteur. Grace aux efforts quiil a 
déployés, le CRC a|joué un réle marquant dans le secteur 
des télécommunications a |'échelle du pays, ayant 
contribué a stimuler la croissance de nouvelles entreprises 
avec’ son Centre d'innovation| et a favoriser la création 
d'entreprises dérivées et le transfert de technologie. 


I E RECHERCHE : 

Voici |’ « arbre généalogique » des entreprises de haute 
technologie qui tirent essentiellement leur origine du 
Centre de recherches sur les communications (CRC) ou 
de son prédécesseur, le Centre de recherches sur les 
telécommunications de la défense (CRTD). Les 
branches de l'arbre renvoient soit a la source de leur 
technologie, soit aux personnes qui peuvent en 
fevendiquer a patern le principal critére 
d'identification des sources est la prémisse selon 
laquelle l'entreprise n’aurait pu, sans cette source, voir 
le jour 4 ce moment précis. N’ont été portées dans la 
liste que les nouvelles entreprises qui ont été fondées 
par suite de la participation du CRC ou du CRTD ou qui 
en sont des entreprises dérivées. Bon nombre d’autres 
entreprises ont béneéficié de l'aide technique et 
technologique du CRC ou du CRMD sans toutefois 
figurer dans cette liste, sauf si leur création découle 
d'une intervention du CRC ou du CRTD. 


Canada 


via EMI Cossar & Hermes 


i communications 
Canada 


Intellitech Canada )}—— 


Arcturus Engineering 


(appelé Telesat Mobile a sa fondation en 1988; 
connu sous le nomde TMI lorsquil devient une 
filiale en propriété exclusive de BCE Inc.) 


— aCGl Group 
Comgate Engineering 


VISTAR Telecommunications 


4 NSI Global (2001) ——» 4 TransCore (2004); VISTAR, la filiale 


= en propriété exclusive de NS! Global, 
C-COM Satellite Systems est acheté par TransCore 
Mobile Satellite Ventures 
Redline Communications 


(Six Photonics) Photonics 


> 4 Dialog & Southam (1994); devenu Infomart 
Dialog Ltd., une coentreprise a parts égales 


Triumph Solutions 


NAUTEL 


(IP Unwired _) Unwired 
ISR Technologies 


& CanWest Global Communications (2000); appelé maintenant 
FPinfomart.ca, une division de CanWest Interactive Inc. 


Chipworks (1996) 


4 Plaintree Systems (2000) 
IDON East Emphasis Wireless 


IDON Corporation IDON Technologies 


Spectrum Target Detection 
@ REMEC (1997); devenu la filiale ——————> Nanowave Technologies 


canadienne REMEC Nanowave facheté de REMEC 


Nanowave Technologies 


| viaMDA 
<s 


: —_—_— Ultimateast Data Comm. 


Gandec Systems AstroCom Associates 


Stratos Global 


Technologies Inc. 


a Alcatel Optronics, une filiale d'Alcatel (2000); 
rebaptisé Alcatel Optronics Canada 


4 IP Applications (2004); opérations 
consolidées a l'intérieur d'IP Applications 


Motorola Wireless Data Systems 


a Alcatel Optronics U.K. (2002); fermeture d’Alcatel 
Optronics Canada transfert des activités au R.-U. 


(Cypress Solutions) Solutions 


acheté par Motorola en 1998 


MDS! Mobile Data Solutions 


4 TELUS (2001); devient une composante 
(13 Technology ») Technology 
(EMobile Data )) Data 4 Itron (2002) 


de TELUS Enterprise Solutions 
rebaptisé e-Dispatch.com ————+ 4 AirlQ (2001) 
Wireless Data Inc. (1998) 
Tsunami Solutions 


————————> 4 Norcom Networks; | —» a Wireless Matrix (2001); achat de 


InStep Mobile Communications 


‘ = sm Narrowband devient une Narcom Networks; en avril 2003, les 
WTF Optical Technologies) jj\\5\. 3 propriété exclusive 


activités de Narrowband sont fusionnées 
> a RACAL Canada (1994) avec Wireless Matrix 


Chalk & Wire Professional Development 
Novra Technologies 


RACE Technology 
Precision Photomasque 


InfoMagnetics Technologies SpectraWorks 4 Norsat International (2000) 


Adaptive Antenna 


4 Aironet Wireless 


> a Cisco (2000) 


8 C-Chip Technologies (2005); 
Telesystems SLW achat d’Avensys par C-Chip 
4 Avensys (2003) 


{achat d'Aironet) 


Communications 


BRAGG Photonics 
Acquired Intelligence 


1 


Pronexus 
NetCentric Technologies 


—— 


———> fusion avec Kipp & Zonen (1996); fermeture J 


BioDentity Systems a CryptoMetrics (2004); maintenant appelé 


BioDentity Systems Corporation, une filiale 
en propriété exclusive de CryptoMetrics Inc. 


PIKA Technologies 
TRL Microwave Technology 


via BEL Tronics 


SCI-TEC Instruments 
Novametric Engineering 


des activités de Saskatoon plus tard 4.3M (2002); intégration 
compléte dans 3M 


Display Systems International 


Terminal Systems International 


(Compucable 


Fleet Aerospace achéte la participation mojoritaire & SED Systems en 1985 


a CALIAN (1990); fonctionne maintenant sous 


Startco Engineering 
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Scientific Instrumentation 
Pakwa Engineering 


le nom de SED Systems, une division de CALIAN Ltd. 


Strother Satellite 
VCom (fka Wavecom Electronics) 


AgriSpace Technologies 


(Werden Systems») Systems. 


w.doyletechcorp onl 


Table of Contents 


2 Message from The Chair 

2 Message from The President 

4 About CRC 

5 Strategic Priorities 

7 Technology Transfer and Commercialization 
8 This Year's Activities 

14 CRC’s Impact 

16 Finances 2005-2006 


17 Board of Directors 


tors 


(rec 


) 


Message from the Chair 


Communications technologies are integral to the success 
of Canadian enterprises, and innovation is a critical factor 
in our country’s ability to market goods and services 
around the world. The Information and Communication 
Technology (ICT) industry and their customers in every 
sector are driving this innovation, developing software and 
hardware that has the same fundamental importance in 


our homes or offices as electricity. 


The Communications Research Centre Canada (CRC) is 

a government research organization which complements 
these research and development activities, bringing unique 
and outstanding expertise to bear on significant technical 
challenges. Last year, CRC’s contribution included an 
important submission to the Minister of Industry's 
Telecommunications Policy Review Panel, which examined 
the most appropriate policy and regulatory framework for 
Canada’s telecommunications system in the 21st century. 
Similarly, CRC’s technical progress last year has made a 
significant impact on the telecommunications, broadcasting 


and Internet industry, and users of those networks. 


The accomplishments outlined in this year’s Highlights 
reflect CRC’s crucial role in sharing its expertise with 
academic institutions and other partners in the public and 
private sector, with benefits that extend to all Canadians. 
Many different collaborations lie at the heart of an 
ongoing story of common interests, shared needs and 
fruitful collaboration. It is a story in which I am proud to 
participate, and for which I thank the many individuals 
and agencies, including the CRC clients, staff, Board and 


Industry Canada, that have fostered such success, 
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Message from the President 


As you will see from this year's Highlights, CRC 

continues to define the forefront of research work in 
Information and Communication Technology (ICT). 
These activities represent progress in such key areas as 
broadband technologies for rural and remote areas, defence 
communications, network security and public safety, all of 
which have a major impact on the Canadian economy and 


quality of life. 


CRC also addressed issues related to the introduction of 
a number of new wireless technologies, such as ultra- 
wideband, WiMAX and others as part of its mandate to 
help government define policy and regulations and serve 
as a scientific authority in satellite communications. CRC 
also contributed extensively to standards development 

in organizations such as the Institute of Electrical and 
Electronic Engineers (IEEE) and the International 
Telecommunication Union, among others. The 
organization is also meeting some of the challenges created 
by the convergence of telecommunications, broadcasting 
and the Internet, a trend that is rapidly expanding the 
capabilities of devices ranging from cellular phones and 


laptop computers to radios. 


Another priority has been technology transfer and 
commercialization, which is bringing CRC’s research 

into the marketplace, as well as transferring knowledge to 
university students to shape highly qualified people for 
the Canadian economy. These efforts have not only helped 
many start-up companies make their first commercial 
appearances, but also earned awards and other recognition 
for CRC personnel. CRC is now working under the 
auspices of the Public Service Modernization Act, which 
has redefined human resources planning and labour 
relations in the federal public sector. Within this context 
the CRC continues to showcase the talent concentrated 
within our organization, a critical mass of highly qualified 
people who are proving to be our greatest resource in 


building Canada’s future. 
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(Centre) An aerial view of the Communications 
Research Centre Canada (CRC) on the Shirleys Bay 
campus in Ottawa 


(Top) CRC’s David Lee points to a newly-installed 
compact antenna range reflector inside the Research 
in Advanced Antenna Technologies Laboratory 
(RAATLAB). 


(Bottom) The new Photonics Laboratory at CRC 
under construction during the summer of 2006. 


About CRC 


As Canada’s leading research agency in telecom- 
munications for more than half a century, the 
Communications Research Centre Canada (CRC) has 
continually defined the cutting edge of this technology 
sector. Members of this organization have regularly 
played key roles in shaping specific technical innovations, 
including the complex regulatory environment that governs 
the widespread application of emerging technologies. 
From the design of a new type of antenna to helping 
government officials in the development of international 
standards for high definition television broadcasts, the 
CRC offers the country’s most authoritative perspective 


on communications issues. Among the most challenging 


of such issues has been the ongoing convergence of 


communications technologies, which has blurred the lines 
that traditionally distinguished radio or television from 
such newer media as the Internet or telephony. Beyond 
simply ensuring that different pieces of equipment can 
interact with one another, CRC researchers are exploring 
the unprecedented potential offered by this convergence, 
which could usher in some entirely new products and 
services. Their efforts have yielded concrete results, in 
the form of software and hardware that is making its 
way into marketplaces in Canada and around the world. 
Canadians stand to benefit from this progress, just 

as they have previously benefited from CRC’: earlier 
telecommunications work, building the connections that 


have come to define our global economy. 


Strategic Priorities 


Broadband Access 


Broadband access activities are aimed at carrying out 
research that will help deliver cost-effective solutions 

for access to broadband services in rural and remote 
communities in Canada. These activities will also assist 

in the U-CAN program that has been proposed by the 
Telecom Policy Review Panel report, providing ubiquitous 
broadband throughout all regions in Canada that the 
market is not likely to serve on its own by 2010. These 
activities will lay the foundation for projects that could help 


to provide such access in other parts of the world. 


® CRC has established a pilot operation in India that 
showcases the feasibility of a cognitive wireless system 

with the capability to sense the radio environment for 
interference and identify poor quality links. Called the 
Microwave Light Organized Network (MILTON) 
Experimental System, it was delivered and installed at the 
Indian government's Centre for Development of Telematics 
(C-DOT) facility in Bangalore, and has completed a year 


of near flawless operation. 


Radio Spectrum 


Industry Canada regulates the radio spectrum, a mandate 
that calls for a solid technical base on which to make 
proper decisions and policies. CRC research in this area 
supports spectrum policy and regulation development, 
more efficient use of the allocated spectrum and a better 


utilization of new frequency bands. 


(Left) The antenna of the Microwave Light Organized 
Network (MILTON) Experimental System, a pilot operation 
in India 


(Right) CRC researchers discuss UCLP project work with 
international partners using a four-way videoconference 
in the CRC BADLAB 


Internet and Convergence 


After some 20 years of implementation, the Internet 
continues to evolve, making it important for Canada to 
remain at the forefront of developments and improvements. 
In particular, Internet at higher access speed is becoming 
ever more readily available to larger numbers of consumers 
at a reasonable cost, a trend that is leading to convergence 
among various competing and complementary systems for 
delivering information. CRC is exploring the implications 
and potential of such trends, enabling government to make 


the most informed policy decisions in this area. 


® User Controlled LightPath (UCLP) software allows 
users to treat network resources as objects, enabling 

more powerful and flexible use of an entire network. 
CANARIE, Canada’s advanced Internet development 
organization, issued a major contract to develop services 
based on this technology, with work at CRC being carried 
out in collaboration with the University of Ottawa, the 
Spanish i2CAT Foundation, and Inocybe of University of 


Montreal. 


Network Security and Public Safety 


The increasing use of network infrastructure for 
communications, commerce, defence and other applications 
is paralleled by a growing awareness of the need for 
network security and the role this infrastructure can 

play in public safety. In partnership with other Canadian 


organizations, CRC is examining the needs and capabilities 


of technology in this field, including the security of wireless 


networks, a matter of increasing concern. 


® Software Defined Radio (SDR), which enables 

different types of computing and information technology 
hardware to handle radio transmissions with the Software 
Communications Architecture - Reference Implementation 
(SCARI) program from CRC, could find significant 

use in public safety and search and rescue activities. The 
National Search and Rescue Secretariat, an independent 
federal agency, has asked CRC to test a dual-band, protocol 


converter for this application. 


Defence Communications 


The Department of National Defence (DND), through 
Defence R&D Canada (DRDC), is one of CRC’s major 
clients, engaging researchers with tasks conducted on a 
cost recovery basis. Most of these activities are closely 
tied to CRC’s expertise and to DND’s requirements 

for communications R&D, creating a mutually 
beneficial relationship. DND’s present interests include 
interoperability of communications networks, quality 
of service, network security and high-capacity wireless 


systems, 


® CRC is collaborating with several nations in developing 
a new high-data-rate narrowband waveform intended 
to meet requirements for NATO network-enabled 


operations, 


In a field demonstration to 
Canadian Forces Land Staff, 
CRC showcased new tactical 
communications capabilities that 
would be possible through the 
use of wireless ad-hoc network 
architectures and high data-rate 
network-capable radios. 


® CRC co-chairs the Narrowband Waveform expert group 
of NATO's VHE/UHE Radio Working Group, which 
is responsible for the development of interoperability 


standards in military tactical radio systems. 


Applications 


Much of the growing interest and demand for broadband 
technology is driven by applications that require a high 
level of quality service. With access to various national and 
international communications networks, CRC is well- 
positioned to demonstrate some of the most novel and 
promising of these applications, such as on-line education 
or medical systems, with a particular focus on a high 
degree of social or industrial benefit. Applications are also 
demonstrated for remote network access using CRC’s 


satellite communications facilities. 


= CRC participated in the tele-homecare REACH project 
(Remote Assertive Community Homecare), funded jointly 
by the European Space Agency and Canadian Space 
Agency, which installed on patient's premises specialized 


nursing stations for physician and nurses to communicate 


remotely with psychiatric patients via satellite links. 


Technology Transfer and Commercialization 


During 2005-06, 28 new patent applications were filed 
and nine new patents were issued. The patent portfolio 
has 246 active patents and applications, 
based on 104 distinct inventions. Total 


revenues generated during this period 


CRC presently 
has 464 agreements 


“Excellence in Technology Transfer Award” from the 

Federal Partners in Technology Transfer, a federal network 
dedicated to recognizing the public good 
and economic value created in government 


research organizations. Transferred 


were $983,800. worldwide for the use to 14 major companies nationally and 


of its intellectual 
property and 153 active 


internationally, SCARI has an educational 


Taking R&D activities to the global contracting-in version and has been downloaded more than 
marketplace is one of the key ways for BeOS 7,000 times from its Web site (www.cre. 


Canada to expand its economic potential. 
CRC is among the organizations leading 
this process, and examples from the past 


year include: 


The development of an Integrated Development 
Environment (IDE) for Software Defined Radio (SDR) 
technology, which enables different types of computing and 
information technology hardware to handle multiple radio 
transmissions protocols. [his product, named the Software 


Communications Architecture - Reference Implementation 


(SCART) Software Suite, has been honoured with the 


ca/rars). 


® CRC's well-established strength in the field 

of Bragg grating optical component research 
has been heralded by the acceptance and publication of 17 
international peer reviewed scientific journal publications, 
three outstanding submissions to peer reviewed journals, 
14 conference publications, an invited talk, the issuing of 
two US patents and the filing of four US patents. These 
activities have spawned several national and international 


collaborations, including the transfer of technology to 


manufacturers. 


CRCs Advanced Radio Systems Group was recognized by 


the Federal Partners in Technology Transfer (FPTT) for 


their 


(see page 15) 


work with Software Defined Radio (SDR) technology 


This Year’s Activities 


Broadband Access ‘The new standard will support spatio-temporal sharing 


of common spectrum, allow for white space identification, 


® CRC participated in the formation of a new IEEE 


and provide a method for ad-hoc radio networks to 


802.22 standardization project aimed at developing communicate common electromagnetic sensing criteria in 


the air-interface for Wireless Regional Area Networks 
(WRAN), especially suited for 


extending broadband access in rural 


an altruistic manner. 


# ‘The Broadband Applications and Demonstration 
Laboratory (BADLAB), a CRC facility providing 


integrated fibre-optic, satellite, and radio communications 


CRC has 
developed the world’s 
first truly cognitive 
radio technology for 
broadband delivery, 


areas by taking advantage of the lightly 
used T'V broadcast spectrum in these 


low-density areas, This TV broadcast 


systems, took advantage of its network capability to host 


which is now being 
field tested in 
Canada and 
India. 


spectrum has the advantage of better 
REF signal propagation resulting in 
larger coverage cells (up to some 30 
km radius) and therefore allowing 
sufficient subscriber bases for cost- 
effective broadband access operation in these rural areas. 
The 802.22 standard, which will have an international 
applicability because of its cognitive radio features, should 
result in the user terminals being available at low cost 
because of high volume production. CRC has provided 
for the vice-chairmanship of the working group, has made 
sure that the requirements for bringing broadband access 
to rural Canada are well covered, and brought in a number 
of contributions on technology, systems and interference 
aspects to help advance the work of the group. The plan is 
to deliver an approved 802.22 standard to the industry in 
early 2008, so that low cost equipment complying with the 


standard becomes available on the market in early 2009. 


% CRC has been extensively involved in the development 
of the new IEEE 802.16h standard that will allow 
WiMAX to have a coexistence capability, allowing for a 


more equitable sharing of the electromagnetic spectrum. 


CRC researchers Siva Palaninathan (left) 
and Ibrahim Haroun (right) prepare for 
Ultra Wideband testing 


various interactive multi-media events and demonstrations. 
‘The subjects of these activities included CA*net 4, 

satellite links to remote and rural communities as part 

of the Virtual Classroom program (MusicGrid, Library 
and Archives Canada, and Algonquin College Interior 
Design projects), and the National Capital Institute of 


Telecommunications tele-haptics project. 


Radio Spectrum 


With partners, 

CRC produced a 
working example of a 
stream containing 12 
different radio programs 
in a single Digital Audio 

Broadcasting 
multiplex. 


# CRC has been studying Ultra 
Wideband technology, which 
promises to bring wireless, high- 
speed connections into homes 
and offices. This work has 
focused on the challenges posed 
by measurements and sharing 
problems, with researchers 
participating in working groups of the International 
Telecommunications Union's Radiocommunications 


Sector, as well as simulating a novel butterfly-shaped dipole 


antenna to address these issues. 


® CRC-COVLAB software was used to study coverage of 
Digital Video Broadcasting Handheld (DVB-H) systems, 
research that is being conducted with three different 


Canadian industrial clients. 


= CRC helped demonstrate the feasibility of Digital Audio 
Broadcasting (DAB) and Digital Multimedia Broadcasting 
(DMB) technologies in Mexico City, one of the world’s 

largest urban centres, using an L-band distributed emission 


system, 


® CRC is collaborating with International Partners on 

the Assessment of Radiowave Propagation for Satellite 
Communication and Navigation Systems in Tropical and 
Sub-Tropical Areas. CRC is focusing on cloud attenuation 
modeling and fading dynamics, as part of a larger 
evaluation of tropical propagation impairments, model 


testing, and compilation of rain-rate data. 


® CRC is collaborating with Carleton University in the 
European consortium Wireless World Initiative New 
Radio (WINNER), tasked with developing the air 
interface for mobile radio systems to become capable of 
offering more than the current “third generation’ services 


for voice communications and data. 


Internet and Convergence 


® CRC-developed software components were used to 
create a full real-time Digital Audio Broadcasting (DAB) 
and Digital Multimedia Broadcasting (DMB) transmission 
chain. This kind of compact, flexible, open and low-cost 
platform has many potential 


uses in the rapidly growing 
CRC has the only 
laboratories in North 
America dedicated to 
the evaluation of 
advanced digital 
radio and television 
technologies. 


field of mobile multicast 


communications. 


® Virtual reality systems, 
enabling a user to simulate 
travel through a remote 


multimedia environment, 


are being developed by CRC in collaboration with 
academic and government partners. The work is part of an 
NSERC Strategic grant, “Virtual Navigation in Image- 
Based Representations of Real World Environments” 
(NAVIRE), employing a large database of images to model 


any particular setting. 


® CRC has joined the European Reconfigurable 
Ubiquitous Networked Embedded Systems (RUNES) 
project, developing localization and routing techniques that 
would make it possible to deploy a sensor network within 


tunnels. 


® Users may soon be able to discard their television or 
DVD remote and simply tell these machines what to do 
verbally, thanks to a technology known as the voice-enabled 
electronic program guide (Voice EPG) that is on the verge 
of entering the marketplace. Working with South Korea's 
Electronics and Telecommunications Research Institute 
(ETRI), CRC concluded the first phase of an ongoing 


collaboration on such voice-enabled broadcast applications. 


® CRC is working with the Canadian Space Agency, 
Telesat, and Industry Canada’s National Satellite Initiative 
program to deploy, in northern Canada, Digital Video 
Broadcasting Return Channel Satellite (DVB-RCS) 
terminals that would be compatible with the ANIK F2 
ability to provide this capability. 


= CRC has been developing a prototype system for 
efficiently forwarding multicast information in an on-line, 
Mobile Ad-hoc Network, as part of work being carried out 
with the Internet Engineering Task Force (IETF). 


# The CRC’s Networked Media Laboratory, one of many 
organizations that were developing Web 2.0 applications 
before the term was coined, has released the final version 
of an on-line system that enables students to demonstrate 
their compliance with educational standards. This software 
has been used by a new Canadian company as a prototype, 
generating sufficient sales to American universities to allow 


the company to achieve financial viability. 


Network Security and Public Safety communications network to interconnect various 


battlefield sensors and provide broadband connectivity 


® The potential for interference between digital television back to the central base. The experimental IP-based 


broadcasting and signals transmitted for public safety tactical radio made it possible to implement an electronic 


communications at 700 MHz, such as police or fire radio, battlefield for integrated Intelligence, Surveillance and 


is the focus of the Radio Advisory Board of Canada's 700 Reconnarseance 
MHz Joint Working Group (JWG). The CRC prepared Pee core 
a test plan for laboratory evaluation and field tests were ® CRC chairs the NATO developed Spectrum 
conducted with the CBC in Ortawa and Montreal. Research Task Group Explore sorivate 
; i: ee J monitor use of the 
Investigating interference electromagnetic spectrum 
# The current and future requirements of public safety Anclothedcheeroaboer for regulatory and 


research purposes. 


and emergency services are being explored by CRC. 


Line Telecommunications 


As part of a survey of system technology on the HF 
CRC interoperability, regulations, spectrum. 
researchers have 


policy, and market information, 
developed an Integrated 


Development Environment CRC is matching aspects of ® CRC is working in collaboration with DRDC Ottawa 
(SCARI Software Suite) for relevant services with various on the development of a military version of the CRC 
the development of Software : : ‘ 
Defined Radio (SDR). agencies or companies that Spectrum Explorer unit, a powerful software tool CRC 
The Suite is being can provide the appropriate developed to monitor the increasingly complex RF 


licensed worldwide. anol ene 
technology. communications spectrum. 


# CRC has designed protocols CRC has been developing components critical to the 


for Mobile Ad-hoc Networks interoperability of the next generation of NATO's Tactical 
(MANETS), self-organizing wireless networks of mobile Area Communication System, a mobile, survivable, 
nodes that do not require pre-existing infrastructure, flexible and secure real-time network to support all 
as part of the Interoperable Networks for Secure communication needs in a battlefield setting. CRC’s 
Communications (INSC) project. contribution made a significant impact on standards being 


considered for NATO future Army coalition deployments. 


This was tested in field trials with research teams from a 


Defence Communications number of NATO nations in 2005 and 2006. 

® In a field demonstration that was part of the ISTAR # CRC has refined neural network classifiers, which have 
military exercise in Petawawa, CRC designed, tested proven capable of distinguishing satellite imagery of naval 
and deployed a secure, classified, wireless broadband vessels with significant accuracy. 


A lab view of CRC Spectrum Explorer 
software, operated by CRC Research 


ia 


Engineer Ky-Bao Huu Ho. The system 


1 in the monitoring of spectrum 


usage across the country 


® In collaboration with DND, CRC has developed 
a prototype thin profile, high-gain antenna based on 


holography principles. 


® CRC has initiated a DRDC Technology Demonstration 
Project, exploring the design of Self-Healing Autonomous 
Sensor Networks that would provide enhanced situation 


awareness in military operation environments. 


® Architects and industrial designers at many different 
locations will be able to collaborate in real-time, sharing 
computational resources, geometry datasets, and 
multimedia content, thanks to work being conducted by 
CRC, Carleton University’s School of Architecture, and 
NRC. The $1.5 million, one-year Participatory Design 
Studio project is supported by CANARIE's Intelligent 
Infrastructure Program, and the work is 
taking advantage of CRC’s expertise in 
User Controlled LightPaths to develop 


these new Web services. 


# Through a partnership with University 


of Toronto’ Joint Centre for Bioethics, 


CRC researchers 
discovered the photo- 
sensitivity of optical fibre, 
which has been recognized 
as one of the five most 
important advances 
for optical 
communications. 


antenna, developed by CRC and DRDC. 


(Centre and right) The Department of 
National Defence (DND), through Defense 


clients 


and Global E-Health and Innovation Network, CRC 
researchers are developing broadband technologies to 
support the activities of these organizations in education 


and outreach, as well as citizen engagement. 


® CRC has developed a novel multichannel loudness meter, 
which is being presented to the Radiocommunications 
Sector of the International Telecommunications Union, 

as the basis for an international standard to be used by 
broadcasters around the world. The technology will be 
distributed to several regional broadcast organizations 
around the world and used in a loudness project sponsored 


by the World Broadcasters Union. 


# CRC was involved in the successful integration of the 
European DVB-RCT (Digital Video Broadcasting, 
Return Channel Terrestrial) downlink system into the 
American Advanced Television Standards Committee 
digital television infrastructure, to create a new interactive 
multimedia datacasting system. This is 

the first time that DVB-RCT, which was 
developed for the European DVB-T system, 
has been used in conjunction with the 


American system. 


(Left) Fixture and assembly of a holographic 


R&D Canada (DRDC), is one of CRC’s major 


Collaborations # CRC is collaborating with Rohde & Schwarz and 


Samsung Electronics on a possible improvement to the 
® CRC continues its collaboration with The Department 


of Indian and Northern Affairs, Arctic Council and 
University of the Arctic in support of collaborative ICT 


North American Digital Television System, testing how 
compatible such a system would be with existing broadcast 


hardware. 
initiatives amongst circumpolar countries. An Arctic 


Council ICT Network Workshop was attended in 


northern Finland in September. 


® Teaming up with Industry Canada’s Spectrum, 
Information Technologies and Telecommunications 


gateway and Quebec regional staff, CRC is improving 


# A memorandum of understanding the direction-finding capability of Spectrum Explorer, 


GRG ison the between CRC and Japan's National 
forefront of Canadian 
satellite communications 
initiatives, managing all of the 
major satcom programs on 
behalf of the Canadian 


a powerful software tool developed by CRC to monitor 


Institute of Information and wireless communications spectrum. 


Communications Technology has 


® CRC worked with Telesat Canada, Lawson Health 


been extended for three more years. 


Sac hoy. Future collaborations may include 
research in the areas of terrestrial 


wireless and optical technologies. 


® A two-year collaborative research agreement was signed 
with the University of Ottawa to conduct joint research 
on advanced audio source coding for application in 
broadcasting over the Internet and other digital wireless 
transmission systems. Within the scope of that agreement, 
a M.Sc. student conducted NSERC-supported research 
work at CRC, producing a paper that won an award at the 
Fourth Annual Conference on Communication Networks 


and Services Research in Moncton, NB. 


# CRC signed a three-year agreement with the National 
Taiwan University to develop wireless sensors for 
biomedical and environmental applications, supported 
by the National Science Council of Taiwan and the Chip 


Implementation Center in Taiwan. 


® Under a Natural Sciences and Engineering Research 
Council (NSERC) grant, CRC continues to work with 
Laval University to build hardware and software to test 


the use of antenna diversity on a digital television return 


channel. 


The e-health communications platform 

used by the Remote Assertive Community 
Homecare (REACH) program enables patients 
suffering from mental illness to receive 
quality treatment at home. 


Research Institute, The Peel Corporation, and 

VaaSah Incorporated to launch the Remote Assertive 
Community Homecare (REACH) program. The program 
demonstrated the viability of an e-health communications 
platform that, within six months, had provided 700 

video visits between patients and care providers, reducing 
their overall travel time by more than 385 hours as well 

as reducing the number of days those patients spent in 


hospital by 112 days. 


® In acontinued collaboration with Defence R&D Canada 
(DRDC) Ottawa, CRC worked in the areas of network 
security and radio surveillance; and with DRDC Valcartier 
in the area of information management over limited- 


bandwidth and energy-constrained wireless links. 


® CRC renewed its agreement to work with a major 
telecom company for two more years on projects that 
include Public Safety and Emergency Service Evolution, 
Wireless Network Security Dependability and 
Reconfigurability, and Converged Network Architecture 


for Canadian Telecom Operators. 
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® An agreement was struck between CRC and Quebec 
City to study and evaluate advanced broadband wireless 


communication systems for public safety services. 


# CRC continues to work closely with India’s Centre 

for Development of Telematics in the development of a 
MILTON cognitive radio base station technology that 
will support the IEEE 802.16h standard. This standard 
will support multiple-network coexistence and will 
mitigate congestion in the licence-exempt (LE) bands. 
The collaborative development seeks to produce a base 
station technology that will support up to nine co-channel 


networks on the same LE channel, while delivering services 


such as VOIP and data. 


® As a participant in several of the European Union's 6" 
Framework projects, CRC collaborated on 4th Generation 
Wireless (4G) technology and Dependable Security 

by Enhanced Reconfigurability (DESEREC), a multi- 
disciplinary, coordinated effort to increase the reliability of 


critical open and interconnected information systems. 


(Right) The receiving ground station component 
of Cospas-Sarsat, an international satellite system 


used by search-and-rescue services throughout 
the world. 


(Left) Cospas-Sarsat is used in emergency 
situations such as the plane crash depicted here. 


® CRC has engaged in a wide range of private sector 


collaborations, including work with: 


+ Advantech AMT/Allgon of Sweden on a power 


amplifier linearization technique; 


+ 


Telesat on the next generation of beam forming 
networks, multi-media protocols, optical links and a 


satcom system for satellite communications; 


+ 


Nortel Networks on the licensing of codec software for 
the IEEE Standard 802.16; 
ISR Technologies, Spectrum Signal Processing, and 


+ 


Ultra Electronics on the licensing of CRC’s Software 
Defined Radio (SDR) tools to enhance product 
marketability; 

+ Telemus on the development of spectrum monitoring 


systems for an Asian navy; 


+ 


EMS on advanced signal processing for the detection 


of search-and-rescue satellite signals; 


+ 


mobile telephony providers on convergence of radio 


access systems with end-to-end quality of service, and 


+ 


evaluation and analysis of the deployment of Cisco's 


Mesh Access Point in outdoor environments in 


southern Ontario. 


CRC’s Impact 


# CRC is developing and demonstrating new broadband 
applications such as tele-health and tele-education for the 


benefit of rural and remote communities. 


® Developed by CRC, the Microwave Light Organized 
Network (MILTON) Experimental System is the world’s 
first truly cognitive radio technology for broadband 
delivery. MILTON is now being field tested in Canada 


and India and should make its way to many other markets. 


@ CRC has used Metalorganic Chemical Vapor 
Deposition to grow GaAs substrates patterned with an 
SiO2 mask, a technique that could yield novel optical 
waveguide and switch structures with improved electrical 


and optical performance. 


® The work done by CRC on distance and electronic 
learning projects has led to many Canadian school boards 
acquiring broadband connectivity and applications 


software. 


@ CRC is managing the Canadian Space Agency's Cascade 
communications technology demonstration program, 
which is studying the feasibility of space-based transfer of 
very large data files. CRC is the Co-Principal Investigator 
for the Enhanced-Polar Outflow Probe (EPOP) payload 
on the CASSIOPE satellite, and designer of the radio 


wave propagation and plasma flow instrument. 


® Specialized CRC software has been licensed to public 
agencies and private firms, in Canada and around the 
world. These licenses included CRC-COVLAB, modeling 


software that performs coverage prediction and analysis 


(Right) Robert Gagnon adjusts an antenna in 
preparation for testing the Digital Television 
Mobile Lab on Parliament Hill 


(Left) Louis Thibault (left) and Michel Lavoie 
demonstrate CRC-SEAQ software, a System 
for the Evaluation of Audio Quality. 


for various types of communication systems, as well as 
CRC-COVLITE, which estimates the path loss during 


propagation, 


# CRC is tailoring the CRC-COVLAB software to 
meet the needs of Radio-Canada, which has called for 
specialized functions and tools required to prepare 
technical briefs according to Industry Canada’s Broadcast 
Procedures and Rules (BPR). 


& The CRC-SEAQ software, a System for the Evaluation 
of Audio Quality, was licensed to Broadcast Australia, 
LG Electronics (Korea), Samsung Advanced Institute 

of Technology (Korea), Sumnet Co. Ltd (Korea), Intel 
Corporation (USA), Dolby Laboratories (USA), the 
New Mexico State University (USA), and the Technical 


University of Norway. 


@ CRC has been looking at ways of enhancing the 
performance of Digital Broadcast Multimedia Receivers, 
examining approaches such as antenna diversity, Multiple 
Input-Multiple Output antennas, improved channel 


estimation, and synchronization and cancellation schemes. 


@ As the co-chair of the Independent Laboratories 

Group of the Video Quality Expert Group (VQEG), an 
international organization dedicated to evaluating objective 
methods for the assessment of video quality in digital 
video, CRC is working on the planning and organization 
of testing methods for the assessment of multimedia 

video applications, as well as participating as a testing 
facility. The results of this work will allow international 


standards organizations, such as the International 


Telecommunications Union, to select the standard 
objective methods required by industry to monitor and 


improve the quality of the video delivered to users. 


® CRC offered formal contributions to the Minister of 
Industry's Telecommunications Policy Review Panel, which 
addressed technology trends such as the future of wireless 
systems, cognitive radio, software defined radio, wireless 
sensor networks, Mobile Multimedia Broadcasting, 


Broadband Access using digital television technologies, and 


Telecommunications (IIT) of Montreal received $3.3 M in 
funding from Canada Economic Development for Quebec 


Regions to support work on this project. 


® CRC participated in the Software Human Resource 
Council's conference (SHRC) and presented the future on 
wireless communications. A not-for-profit organization 
working with industry, education, associations and 
government, SHRC has selected this technology as one of 


the central features of its road map for the future. 


single frequency networks for digital television. 


® To help small- and medium-sized enterprises bring 


wireless communications technology to the marketplace, 


CRC leads the Canada Network of Wireless Centres 


® Working closely with the Radio Advisory Board of 


project (CWCnet). The International Institute of 


Canada, CRC assists in spectrum planning activities, 
regulatory activities, and determining the needs of the 


Canadian broadcasting industry. 


As part of National Public Service 
Week, five Public Service Awards were 
presented to CRC individuals and 
groups in a ceremony held on June 

9, 2006. These awards were given 

in recognition of outstanding R&D 
accomplishments, and for the positive 
image these individuals have brought to 
the public service in the last year. The 
winners were: 


1, The Advanced Radio Systems 
Group, for their contribution to the 
development of Software Defined 
Radio (SDR), including communications 
architecture and related tools. The 
winners are Claude Bélisle, Steve 
Bernier, Hugues Latour, Francois 
Lévesque, Sébastien Gauthier and 
Charles Auger. The Advanced Radio 
Systems Group received an “Excellence 
in Technology Transfer” Award from the 


Federal Partners in Technology Transfer 
(FPTT). 


2. Gilbert Soulodre, Miche! Lavoie 
and Scott Norcross, for their article 
“Objective Measures of Listener 
Envelopment in Multichannel Surround 
Systems,” published in the Journal of 
the Audio Engineering Society (Volume 
51, Number 9) in September, 2003. 
These three researchers have been 
chosen to receive the Audio Engineering 
Society's (AES) Publications Award 2006. 


3. Dr. Stephen Mihailov, Dr. Dan 
Grobnic, Mr. Robert Walker and Dr. 
Ping Lu, for their work on narrowband 
fiber-optic phase-shifted Fabry-Perot 
Bragg grating filters for atmospheric 
water vapor lidar measurements. They 
were selected by the NASA Inventions 
and Contributions Board for an award. 


4. Dr. Alex Vukovic, recipient of the 
Outstanding Performance Award for 
his plenary talk at the Communication 
Systems and Networks International 
Conference in 2005. 


5. Dr. Xianbin Wang, and Dr. Yiyan 
Wu, for their paper entitled “Transmitter 
Identification Using Embedded Pseudo 
Random Sequences, which appeared in 
the IEEE Transactions on Broadcasting 
in September 2004. Dr. Wang and 

Dr. Wu were recipients of the IEEE 
Scott Helt Memorial Award in October 
2005. This award is given to recognize 
exceptional publications in the field and 
to stimulate interest in and encourage 
contributions to the fields of interest of 
the IEEE Broadcast Technology Society. 


Finances 2005-2006 


eyew 
. 4.40 
0.34 


B85 
Ast) 


0.56 
2.75 


TOTAL 


REVENUE 


Industry Canada - Operations 
Industry Canada - Capital Assets 
Industry Canada - Spectrum Research 


DND - Research 
Cost-recoverable Tenant Services 
Contracting-In 

Licensing 


Revenue Reported under Other Government Departments (OGD) 


CSA - CASCADE/CASSIOPE Mission 
DND - Research 


$49.78M 


* 24.60 
+ 469 
10.76 
E748) 
0.30 


EXPENSES 


Direct Research 

Research Support 

Site Operations 

Administration 

Repayment Previous Construction 


1.16 


3.17 CRC Construction Fund 
Expenses Reported under Other Government Departments (OGD) 


0.56 CSA - CASCADE/CASSIOPE Mission 
+275  DND - Research 


TOTAL 
$49.78M 


Payment in Lieu of Taxes 


Notes: 


(1) CRC receives funding from a number of government and non- 
government sources. In 2005-06, Industry Canada provided 74.4% of 
CRC’s funding. Other government funding was provided by the Canadian 
Space Agency and the Department of National Defence to carry out 
R&D, and to cover costs related to their residence on the CRC campus. 
Revenue from the private sector is generated through the licensing of 
intellectual property and contracted R&D. 


(2) Construction of the Laboratory for Photonic Components & Systems 
Research will be completed in 2006-07. A lab equipment purchase plan 
and various capital projects were approved and funded by IC in 2005-06 
and 2006-07 for a total of $4M. Due to long lead times with PWGSC 
and uncertainty on future year funding, some projects were delayed. 


Board of Directors 


Alan Winter (Chairman of the Board) 
President and CEO 
WINTECK Consulting Inc., and Genome 


British Comlumbia 


Michael Binder 

Assistant Deputy Minister 

Spectrum, Information Technologies and 
Telecommunications Sector, 


Industry Canada 


Veena Rawat 
President 


Communications Research Centre Canada 


Brian Penney 
Chairman 


CarteNav Solutions Inc. 


Carol Darling 
Executive Director 


North American Broadcasters Association 


Andrew K. Bjerring 
President and CEO 
CANARIE Inc. 


Tom Hope 
Executive Vice-president 


Toll Cross Investments Inc. 


L.J. (Larry) Boisvert 
President and CEO 
Telesat Canada 


Arthur Carty 
National Science Advisor 


Industry Canada 


Roger Pederson 
President and CEO 
TRLabs 


Robert Walker 

Assistant Deputy Minister 
Science and Technology 
Department of National Defence 


Pierre Coulombe 
President 


National Research Council Canada 


David Haccoun 
Professor 
Electrical Engineering and Computer Science, 


Ecole Polytechnique de Montréal 


Carole Lacombe 
Acting President 
Canadian Space Agency 


Paul Flaherty 
President and CEO 


Northwestel Inc. 


Ibrahim Gedeon 
Chief Technology Officer 
TELUS Corp. 


Gerri Sinclair 


Sinclair Consulting 


Dino DiPerna 
Vice-president 

Optical Networks R&D 
Nortel Networks 


Richard Dicerni 
Deputy Minister 
Industry Canada 


Carol Stephenson 
Dean 
Richard Ivey School of Business, 


University of Western Ontario 
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MESSAGE FROM THE CHAIR | As a trade based economy, Canada must continue to invest significantly in research. 
Research and development is key to continuing the success of our industries as they develop new and improved 
technologies, products and services for use around the world. Within that context, government labs play a very 
important role in bridging the gap between long-term university research and more development-focused activities 
traditionally undertaken by the private sector. | The technologies being developed at CRC, and in the ICT sector as 
a whole, are predominantly enabling technologies. Enabling technologies have an impact on all other sectors by 
allowing them to become more efficient and innovative themselves through the use of technology. This makes the 
ICT sector one of the most important sectors for improving productivity and the future of the Canadian economy. 
Over the past year, CRC has once again demonstrated its tremendous value to government and industry by making 
significant progress in areas such as health, environment and mining through collaboration with other agencies and 
government departments on enabling technologies. | The unique combination of expertise at CRC is what makes the 
organization so essential. As a government leader in commercialization, CRC has demonstrated the ability to take ideas 
and turn them into successful technologies and applications. But CRC also plays a very important role in sharing that 
expertise with its partners, which include government departments, academia, the private sector and international 
organizations. | Collaboration is the key to CRC success. As you will see in this document, CRC continues its 
success in working with partners to the benefit of all. | 1am proud to have been involved with CRC for many years. 
1 would like to thank Industry Canada and CRCS clients, staff and Board of Directors for their commitment, and I 
look forward to working together to help ensure continued innovation into the future. | Dr. Alan E. Winter 
M.Gue 

MESSAGE FROM THE PRESIDENT | After another busy year, we can now look back and see that CRC continues 
to strengthen its leadership in communications research. That leadership has become a hallmark of CRC and is 
something for which we can take great pride. | As part of the commercialization agenda, we have, over the course 
of the past year, agreed to dozens of new licenses for technologies developed by CRC staff and signed many 
collaborative agreements with organizations here in Canada, and around the world. Technologies like Software 
Defined Radio, which is designed to address the interoperability challenges for public safety radio users, and the 
MILTON system, which provides broadband access to more rural areas, are out in the world, showing what CRC 
can offer. | In addition, essential work is being done everyday, and success can be seen in other projects as well, 
ranging from our research on mobile ad hoc networks (MANET) to the work on exploring the possibilities of three- 
dimensional television images (3D TV). | On campus, construction has begun on the new, state-of-the-art photonics 
lab, which will allow CRC to continue efforts in this important field of research. Construction has also been 
completed on the new RAATLab (Research in Advanced Antenna Technologies Laboratory). | Important corporate 
activities have also helped to support the efforts of our researchers. The launch of CRCs new R&D newsletter, Eye 
on Technology, has been met with tremendous positive feedback. CRCS participation in the governments efforts on 
the integration of science and technology across departments and the commercialization pilot project continue to 
strengthen our role as the government’ primary lab for communications R&D. | This year, network security and 
public safety has continued to be an important area of research for CRC. | We work very closely with the Department 
of National Defence, as well as our other partners, to develop technologies that will help address some of the major 
communications challenges faced in these areas. | But to recognize all of the wonderful achievements this year, it is 
important that we realize that it is the people that truly make CRC what it is. CRC has an extremely strong Board of 
Directors who are extraordinary in helping to guide the organization into the future. As well, the quality of the people 
at CRC is reflected by the tremendous number of CRC staff members who were recognized this year, both by their 
peers and by international organizations, for their work. | At a research facility like CRC, you can only go as far as 


your staff can take you. With the quality of the people at CRC, I know the sky is the limit. | Veena Rewat 


Cees 


THE COMMUNICATIONS RESEARCH CENTRE CANADA 


Located on the Shirleys Bay campus in Ottawa, the Communications Research 
Centre Canada (CRC) is the government's primary laboratory for advanced 
telecommunications R&D. With research expertise built up over more than 
50 years, CRC has an extensive track record of success in the field. 


CRC has been involved in some of the most significant developments in communications in Canada. 
From the Alouette satellite, which made Canada the third nation in space, to the first Canadian link to 
the ARPANET, which was the predecessor to the Internet, CRC has helped Canada lead the way in com- 
munications. | Today, CRC has been divided into four main research branches, looking at broadband 
network technologies, terrestrial wireless technologies, satellite communications and radio propagation, 
and broadcast technologies. Each of these branches conducts research activities that are looking ahead 
— beyond today’s “technology horizon” and into the future. | The results of the research activities at CRC 
are far reaching. The technologies being developed as a result of CRC research have been licensed to orga- 
nizations and companies around the world, being included in products that are used every day. | But CRC’s 
impact goes even further. The expertise and knowledge developed as a result of that research is applied to 
other areas as well. CRC provides program management for major satellite communication projects and it 
creates partnerships with Canadian and international organizations. It also acts as an independent source 


of technical advice for telecommunication policy and regulatory decisions made by the government. 


o® 


Technology Transfer & Commercialization | The 


commercialization of technology is at the heart of the 
governments plan for Canada. Taking the R&D being 
carried out in Canadian labs and universities and bring- 


ing them to market has been identified as one of the key 


2) 


ways that Canada can continue to grow its economy. 


But its more than just the economy that benefits from 


commercialization. Without it, the potential benefits of 
new Canadian technologies, benefits to communities and 


all Canadians, will never be realized. 


CRC is a leader in technology transfer and commercial- 
ization for the government. With over 330 licenses and 


230 patents, CRC has over 90 distinct technologies 


available for use by the private sector. The revenues 


brought in by these technologies are used to help con- 
tinue the research at CRC, contributing to even more 


developments in the future. 


Working with Partners in Canada and Around 
the World | One of CRCs key advantages is the links it 
has established with Canadian and international partners. 
Over the years, CRC has worked with dozens of academic 


institutions, private sector companies, and government 


departments and agencies from around the world. CRC 


has ext 


ol 


mely close ties with many Canadian government 


departments, often partnering with them on important 


research areas of mutual interest and conducting research 


on their behalf. CRC researchers contribute to many inter- 


national standards organizations, and regularly participate 


in international tests and trials to develop those standards. 


Through collaborative agreements, CRC also participates 
in many joint R&D projects with organizations from 
around the world, working to further develop important 
technologies that will benefit everyone. 

CRC Innovation Centre | The foundation of Canada’s 
economy is the success of small- and medium-sized enter- 
prises (SMEs). Through the CRC Innovation Centre, SMEs 


in the information and communication technologies sector 


have a partner they can count on to help them succeed. 


The Innovation Centre helps out start-up companies, as 
well as some more established ones, by providing work 
space and access to CRC experts, helping them develop 
and test their technologies. This close link to one of the 
largest concentrations of top technology researchers 
in Canada means that these companies have a unique 
from CRCs accumulated 


opportunity to benefit 


knowledge and expertise. 


Supporting Research Activities | CRC offers many 
corporate services to support its R@D activities and to pro- 
mote the results of these activities. In addition to functions 
such as human resource management and finance related 
activities, researchers have access to services such as the 
model shop, creative and visual services, communications 


services and the technology transfer office. 


CRC also acts as the landlord for the Shirleys Bay campus, 
with a number of other departments and agencies taking 
advantage of the concentration of expertise and services 
located on site. As such, CRC is responsible for ensuring 
the maintenance of the campus as well as the health and 


safety of staff working on site. 


STRATEGIC PRIORITIES 


CRC has identified six strategic priorities for future research. These six priorities will help CRC focus its R&D 


efforts on areas that are of strategic importance to telecommunications in Canada, will allow CRC to continue 


to support policy decisions being made in the future and help to address specific challenges faced by various 


clients. | Those six strategic priorities are: 


BROADBAND ACCESS | Broadband access activities 
are aimed at carrying out research that will help de- 
liver cost-effective solutions for access to broadband 
services in rural and remote communities in Canada. 
In order to focus activities for this priority, CRC also 
established the Rural and Remote Broadband Access 
(RRBA) program in 2002. 


Industry Canada is mandated to 
regulate the radio spectrum and therefore, must have 
a solid technical base to make proper decisions and 
policies. Research in this area contributes to advice on 
spectrum policy and regulation development, realloca- 
tion and/or new or more efficient use of allocated spec- 


trum, and utilization of new frequency bands. 


DEFENCE COMMUNICATIONS | National Defence 
(DND) is one of CRC’s major clients and research tasks 
are done on a cost recovery basis. Most of the activities are 
closely tied to CRC expertise and to DND$s requirements 
for communications R@D, creating a mutually beneficial 
relationship. DND’s present interests include interoper- 
ability of communications networks, quality of service, 


network security and high-capacity wireless systems. 


NETWORK SECURITY + PUBLIC SAFETY | Commu- 


nications, commerce, defence and other applications 


require secure network infrastructure. CRC continues 
to conduct research in the area of network security and 
communication systems for public safety, in partnership 
with other Canadian organizations. In particular, secu- 


rity of wireless networks is one area increasing concern. 


INTERNET + CONVERGENCE | Although the Internet 
can be considered to be a mature technology’ having 
been in existence for over 20 years, it is important for 
Canada to be on top of, and even contribute to, new 
world developments and improvements. As technology 
evolves and bandwidth is more readily available to 
consumers at reasonable cost, it also becomes important 
to understand and predict convergence trends between 
the various competing and complementary information 
delivery systems. CRC can provide a valuable look 
forward on these trends so that the government can be 


better informed when considering policy decisions. 


APPLICATIONS | One of the key drivers for acceptance 
and use of broadband technology is the availability 
of applications requiring a high quality of service. 
CRC is well positioned to use its access to various 
national and international communications networks 
to conduct demonstrations of novel broadband 
applications, such as e-learning, e-health and others, 
with a particular focus on those with a high degree of 


social or industrial benefit. 


THIS YEAR'S ACTIVITIES 


R&D activities have been carried out in all four of CRC’s 
research branches in support of the six key research 
priorities. Broken up by priority area, here are just some 
of the key accomplishments and initiatives from the 


past year. 


BROADBAND ACCESS AND THE RRBA PROGRAM | 
Within CRC’s mandate to explore broadband technologies, 
CRC established the Rural and Remote Broadband 
Access (RRBA) Program in 2002. This program is aimed 
at developing cost-effective technologies to help the 
governments goal of bringing broadband services to 
Canada’s rural and remote areas. Within the scope of the 
program, support was given to projects at CRC that would 
help deliver on this mandate. 

Projects that have received support as part of the 


RRBA program will be marked witha @ 2 


Funding for the RRBA program over the past three years 
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% @ ¢ The joint CSA/CRC/industry Payload Flight Demonstra- 
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BROADBAND ACTIVITIES 
tion Program for Anik-F2 was completed with successful 


in-orbit tests in December 2004. The focus has now shift- 


ed to preparing for trials of the experimental on-board 


processor and providing technical support and guidance 


to Industry Canada’s National Satellite Initiative. This will 
also involve work to benefit from the Ka-band capacity 
credit that is being provided to the government for use in 


Northern Canada. 


e Research and development continues on Ka-band broad- 
band ground station technologies for mobile enterprise 
services. A prototype terminal incorporating a number of 


CRCs new technologies is under development. 


¢ CRC has demonstrated a new form of silica waveguides 
containing fluid-filled microchannels. These microchan- 
nels could be used for a broad range of new functions for 
photonic devices, including as an internal sensor, or as a 


chip cooling mechanism using microfluidics. 


e Research continued on real-time techniques for propa- 


gation fade compensation in an open-loop satellite link 


through frequency scaling of attenuation. 


e Work moved forward on the Microwave-Light Organized 
Network (MILTON) technology, which is designed to de- 
liver wireless broadband access in less populated areas. A 
successful on-going field trial of the technology was con- 
ducted in the Ottawa area with the installation of a hub in 


September 2004. 


°° 


Through the RRBA program, CRC 
actively participated in the formation 
of the new IEEE 802.22 Working 


Group. This group is working on 
international air-interface stan- 
dards for Wireless Regional Area 
Networks (WRAN), which are 
aimed at extending broadband 
access to the less densely populated 


rural areas. 


Research on the development of a digital television (DTV) 
based, interactive multimedia broadcasting system con- 
tinued this year. Extensive tests were conducted on the 
transmission of IP data over DTV channels and a DTV to 


Wi-Fi bridge was also demonstrated. 


RADIO SPECTRUM 

Potential improvement to coverage provided by the DTV 
Single Frequency Network (SFN) built in Ottawa by CRC 
with support from Canadian DTV (CDTV) was confirmed 
by field tests. The results of the tests showed that such a 
network could improve coverage and reduce the amount 
of spectrum required when compared to a conventional 


stand-alone transmitter. 


CRCS participation in the three-year Coalition Command 


Control and Communications Demonstration Environ- 


ment (CC3DE) Project Agreement through The Techni- 
cal Cooperation Program (TTCP) has led to concepts for 
robust distributed management and security for coali- 
tion networks. CRC has developed a prototype system 
that demonstrates the capability of an automated, policy 
driven method for controlling management traffic across 
national and coalition boundaries and over bandwidth 


constrained communication links. 


In order to better understand the issue and to provide 


advice to Industry Canada on future regulations, the 
evaluation of the Interference Potential of PLC (Power Line 


Communications) Systems in the Frequency Range 1-80 


MHz has begun with modelling and simulation work. 


» Preliminary results of a study on digital multimedia broad- 


casting (DMB) and large-area coverage have shown the cov- 
erage improvements that could be expected if the system 
could operate in the VHF (195 MHz) band. This is done to 
investigate the possibility of using un-used TV channels for 


non-broadcasting services in remote and rural areas. 


Oe 


Working with the University of Ottawa, CRC studied the 
potential of interference from 5 GHz Radio Local Area 
Networks (RLANs) on weather radar systems. This re- 


search will be used to provide input into the International 


Telecommunication Union (ITU) to help develop new 


international standards. 


The impact of applying reduced satellite spacing, as 
proposed by some satellite service providers in the United 
States, on the quality of service for Canadian broadcast 


systems is being investigated. 


Adaptive radio research is underway to explore wireless 
systems that exploit unused frequency spectrum in time 
and space, and dynamically adapt to the varied environ- 


ments and changing conditions. 


CRC is studying and has characterized Ultra Wideband 
(UWB) Emissions and has carried out measurements of 
path loss with a UWB source in order to further the un- 
derstanding of these issues and to support the develop- 


ment of future regulations by Industry Canada. 


DEFENCE COMMUNICATIONS 

CRC participated in two interoperability field trials for 
the Canadian Army under the NATO TACOMS Post- 
2000. These exercises took place in Europe, with teams 
from the Netherlands, France, Norway, the UK, Sweden 
and Canada. The results from this activity are having a 
significant impact on the acceptance of a new generation 
of NATO standards and on plans for multi-national NATO 
Army deployments. 


CRCs participation in the three-year Coalition Command 
Controland Communications Demonstration Environment 
(CC3DE) Project Agreement through The Technical 
Cooperation Program (ITTCP) has led to concepts for 
robust distributed management and security for coalition 


networks. CRC has developed a prototype system that 


demonstrates the capability of an automated, policy driven 


method for controlling management traffic across national 
and coalition boundaries and over bandwidth constrained 


communication links. 


e Tosupport Defence R@D Canada’s (DRDC) Software Based 


Radio activities, CRC has begun a new study to investigate 
the feasibility and design of a multi-band antenna feed 
horn and the related waveguide hardware as a retrofit to 


Canadian Navy ship-born satellite antennas. 


e In work targeted at reliable communications for military 


operations in complex terrain, low complexity MIMO sig- 
nal processing algorithms have been developed which illus- 


trate the gains available using asynchronous transmissions. 


° The development of the military version of the Spectrum 


Explorer was pursued by adding new signal processing 
algorithms for detecting and identifying additional classes 
of signals. Demonstrations and field trials were performed 
with the Canadian Forces and other friendly forces to bet- 
ter address the requirements of the Canadian Forces and 


its closest allies. 


e Under DRDCs Technology Demonstration Program, 


CRC is carrying out a project to demonstrate advanced 
technologies aimed at enhancing the capabilities of the 
Canadian Forces’ tactical communication system. Work 
is focused on the development and implementation of 
a high-data-rate software radio modem, and of a mobile 


ad-hoc network architecture suitable for tactical systems. 


e In Partnership with DRDC Valcartier, a new project by 
CRC looking at military sensor networks is studying re- 
cent advances of small, low-cost, low-power, multifunc- 
tional wireless sensor nodes for communications over 


short distances. 


NETWORK SECURITY + PUBLIC SAFETY 

CRC is participating in the development of enhance- 
ments to the international satellite system for search 
and rescue (Cospas-Sarsat) and is setting up antennas 
to receive SAR signals from future navigation satellites 


(GPS, Glonass and Galileo). 


* CRC is working closely in the area of network security 
with Industry Canada and other Government depart- 
ments/agencies such Defence R@D Canada, the Canadian 
Security Establishment, National Research Council, RCMP 
and Public Safety Emergency Preparedness Canada. Pro- 
totype tools for network monitoring are currently being 
tested on the CRC in-house network and are also being 


considered for technology transfer. 


* Multiband - multi-protocol radio prototypes are being 
developed, based on the Software Defined Radio technology 
to address interoperability issues in public safety and 


emergency situations. 


* Research was conducted exploring advanced signal 
detection techniques to enhance wireless LAN security 
through the application of RF fingerprinting. RF Finger- 
printing will help to protect against hackers by screening 


out unauthorized users on wireless LANs. 


At the inaugural meeting of the Broadcasters’ Public Alerting 
Working Group in September 2004, CRC, in conjunction 
with e-Radio, presented a demonstration on the use of Radio 
Data Service (FM-RDS) for Public Alerting. An experimental 


FM station was set up at CRC for the occasion. 


* Work has continued on mobile ad hoc networks as a 
way for multiple organizations to communicate during 
emergency response and security operations. Techniques 
to prevent unauthorized users from joining a mobile ad- 
hoc network and to prevent wormhole attacks have been 


implemented for testing and evaluation. 


INTERNET + CONVERGENCE 

e A two-way high definition (HD) videoconference was 
established between CRC and the National Institute of 
Information and Communications Technology (NICT) of 
Japan. Several demonstrations using this technology were 
also done at international conferences during January in 


Hawaii (PTC 2005) and Bangkok (APAN). 


e Considerable efforts were invested in the development 
and demonstration of a special application called 
Broadcast File Download, which illustrates digital 
audio broadcasting’s (DAB’s) potential to effectively 


deliver data files to mobile users. 


e A new version of FreeWRL was released to the Open- 
Source community and used to demonstrate shared vir- 
tual reality between CRC and Hawaii at the Conference of 


the Pacific Telecommunications Council. 
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° Emerging technology for digital video broadcasting 
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on handheld devices (DVB-H) is being evaluated and 
compared to DAB/DMB for multimedia services to mobile 


and portable receivers. 


APPLICATIONS 


The Broadband Applications and Demonstration 
Laboratory (BADLAB) was used to host and facilitate vari- 
ous interactive multi-media events and demonstrations, 
such as the Virtual Classroom initiative, via broadband 
networks involving CA*net 4 and satellite links to remote 


and rural communities. 


CRC partnered with several organizations, including Tele- 
sat, to fulfill a contract with the European Space Agency 
to demonstrate telehealth and telesurgery applications via 


satellite in Canada. 


In collaboration with Defence R@D Canada and several 
private sector partners, CRC designed and implemented 
a high capacity wireless system to support the demon- 
stration of the remote surveillance and control of an un- 
manned air vehicle (UAV). The demonstration involved 
a UAV flying in Ottawa being monitored from a control 


station at CeBIT 2005 in Hanover, Germany. 


By partnering with Canada Health Infoway and others to 
plan and implement telehealth services in Northern Can- 
ada, satellite ground equipment developed by Canadian 
industry is now being installed. Initial demonstrations of 


these new services to potential users are planned in 2005. 


¢ The WISELab successfully supported the 2004 Atlantic 


Littoral ISR (Intelligence, Surveillance and Reconnaissance) 
Experiment (ALIX) in Gagetown, NB (CFB Gagetown) 


by using its broadband wireless network, providing 


interconnection among the various battlefield elements. 


OTHER ACTIVITIES 


COMMERCIALIZATION 

This year, CRC signed over 90 licensing agreements, col- 
laborative arrangements and contracting-in agreements. 
CRC research also generated eight new patents and 35 
new patent filings for 17 distinct technologies. With that, 
CRC remains one of the top government labs for technol- 
ogy transfer and for the percentage of R@D budget gen- 
erated through licensing. Some examples of this year’s 


technology transfer activities are: 


CRC has licensed its “SCARI Software Suite” for Software 
Defined Radio development to eight Canadian and foreign 


companies over the past fiscal year, and new licensing 


opportunities continue to develop. CRCs Advanced 
Radio Systems research team has also been in demand for 
providing courses, tutorials and technical support on SCA 


implementation and radio development. 


CRC’ Forward Error Correction (FEC) technologies have 
been licensed extensively both nationally and internationally. 
In the last fiscal year, two new patents were issued, and 
a new patent application was filed. FEC technologies are 


currently licensed to 49 Canadian and foreign companies, 


two of which obtained licenses during the last fiscal year. 


CRC recently signed a collaborative R@D agreement with 
India’s Center for Development of Telematics (CDOT), 
to further develop the Microwave-Light Organized Net- 
work (MILTON) technology. CDOT will also assist in the 
commercialization of this technology in India. This could 
mean significant IP revenues for CRC in India’s rapidly 
growing telecommunications market. CRC and C-DOT 


are also working with Wavesat, a Canadian company, on 


incorporating WiMAX technology into the MILTON system. 


On top of existing licenses with companies such as Dolby, 
Phillips and Panasonic, this year the CRC-SEAQ (System 
for the Evaluation of Audio Quality) software was licensed 
to 10 entities. These licenses are with companies includ- 


ing Canadian organizations like Ottawa-based Gennum 


and the University of Montreal, as well as foreign entities 


such as NASA and France Telecom. 


COLLABORATION + PARTNERSHIPS 

Every year, CRC continues to build on its strength, its abil- 
ity to make connections with organizations and research- 
ers across Canada and around the world. Once again this 
year, CRC has continued to develop new partnerships, and to 


strengthen existing ones. 


CANADIAN COLLABORATION 

CRC supported trials of a new Real-time Emergency Man- 
agement System by Satellite (REMSAT) being developed 
by Telesat, and is participating in the development of ad- 


ditional, enhanced features in 2005. 


CRC continues to provide technical and program manage- 


ment support of the CASCADE payload and the Enhanced 
Polar Outflow Probe (ePOP) payload on behalf of the 


Canadian Space Agency. 


The analysis of digital television transmission measure- 
ments done in Montreal was completed and shared with 
the CBC. The CBC will use these results to help in the 


launch of its HDTV service in Montreal. 


As a founding partner, CRC continues to be the lead on 
the Canada Network of Wireless Centres (CWCnet), a 
program designed to support the testing of new wireless 


technologies by small- and medium-sized enterprises 


(SMEs) at R@D sites across the country. 


Collaboration with the University of Ottawa and NRC has 


continued under an NSERC strategic grant on “Virtual 


avigation in Image-Based Representations of Real World 


Environments”. The purpose of the project is to develop 


technologies to allow a person to virtually walk through a 
remote environment, based on a large collection of actual 


images of that site. 


CRC also provided scientific leadership in Canada and 


around the world through more than 250 publications 
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this year. A list of these publications is available on the CRC 


Library’ website at: http://www.cre.ca/publications-library. 


INTERNATIONAL COLLABORATION 

CRC collaborated with ONERA (France), Politecnico di 
Milano (Italy), and CETUC (Brazil) under a European 
Space Agency contract to investigate earth-space propaga- 
tion fundamentals and impairment prediction modeling 


for tropical climates. 


A collaboration agreement with the National Science 
Council (NSC) of Taiwan on the design of monolithic 
microwave integrated circuits (MMICs) in the 60 GHz 


range continued this year. This is the second year of a 


three-year agreement with NSC. 


CRC began collaborating on three major European Union 
6th framework projects — B3G/4G, Public safety com- 
munications systems and intrusion/detection/security in 
wireless networks. The framework is the EUs primary 


vehicle for funding RSD activities. 


The User-Controlled Lightpath Provisioning (UCLP) System 
developed jointly with the University of Ottawa under a 
contract awarded by CANARIE from their Directed Research 
Program was successfully deployed on CA*net 4. The UCLP 
System software was further enhanced under collaboration 
with the Technical University of Catalonia (UPC) in Spain 
and then used to carry out a live demonstration from the 


BADLAB in June 2004 to the EU delegation on e-Infrastructure. 


A series of audio subjective tests were completed to gather 
data to validate a new multichannel loudness meter 
developed at CRC. This loudness meter will be submitted 
to the ITU-R as a candidate technology for an international 


standard to be used by broadcasters around the world. 


CRC continued collaboration with European research labs 


in the area of signal processing, through participation in 


the EU COST-273 program — ‘Towards Mobile Broadband 


Multimedia Networks’. 


CRC signed a Memorandum of Cooperation (MOC) with 
the Hong Kong Wireless Technology Industry Association, 
which operates the Hong Kong Wireless Development 
Centre. This MOC allows CRC and WTIA to cooperate so 
that SMEs in Canada and Hong Kong can test out applica- 
tions on wireless platforms in each other’ territories (at a 


reasonable cost) and gain access to each other's markets. 


Corporate Activities 

Several multi-year projects have been instituted to up- 
grade the aging infrastructure at Shirleys Bay, including 
the campus electrical distribution system, the storm and 
sanitary sewer systems and the water distribution system. 
place to train 


At the same time, programs are being put in 


staff in safety related areas including fall arrest, working in 


confined spaces, hazardous spill cleanup, asbestos abate- 
ment and mould cleanup. These multi-year projects and 
training programs will make the Campus a safer place for 


its employees and visitors alike. 


CRC developed and launched the International Society 
Technologies (IST) R@D Network as part of its activities 
as the National Contact Point for the EUs IST Program. 
The system is aimed at sharing information with Canadian 
organizations interested in collaborative opportunities 
with European organizations. To date, over 200 Canadian 
organizations have signed up for the network through the 


web site at www.crc.ca/ist. 


This year brought the launch of CRC’s new external news- 
letter Eye on Technology. This web-based newsletter is pro- 
duced three times a year and provides readers with infor- 
mation about research activities at CRC. Following the first 
issue of Eye on Technology, released in March 2005, more 
than 100 new readers subscribed to the newsletter through 


the CRC web site. 


FINANCES 


31.5 | Industry Canada - Operation 


3.1 | Industry Canada - Capital Assets 
0.4 | Industry Canada - Spectrum Research 


3.3 | DND - Research 


2.9 | Cost-recoverable Tenant Services 


1.7 | Contracting-In 


1.2 | Licensing 
y__| 1.1 | CSA-CASCADE/CASSIOPE Mission 
| 2.4| DND - Research 


Revenue Reported Under Other 
Government Departments (OGD) 


2004-05 CRC REVENUE 


24.3 | Direct Research 


5.1 | Research Support 
8.8 | Site Operations 


2.5 | Administration 
0.3 | Repayment Previous Contruction 
\_____ 1.0 | Payment in Lieu of Taxes 
Ei 1.0 | CRC Construction Fund 
es B | CSA-CASCADE/CASSIOPE an 


2.4| DND - Research 


Expenses Reported Under Other 
Government Departments (OGD) 


2004-05 CRC EXPENSES 


Notes: 

(1) CRC receives funding from a number of government and non- (2) Construction of the Laboratory for Photonic Components & 
government sources. In 2004-05, Industry Canada provided close to — Systems Research will be completed in 2006-07. The $1.09M from 
75% of CRC's funding. Other government funding was provided by —_ Industry Canada funds unutilized in 2004-05 will be expended in 
the Canadian Space Agency and the Department of National De- 2005-06 for the Photonics Laboratory construction. Construction of 
fence to carry out R&D, and to cover costs related to their tenancy — the RAATLab was completed this year. 

on the CRC campus. Revenue from the private sector is generated 

through the licensing of intellectual property and contracted R&D. 
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COMMUNICATIONS 


RESEARCH CENTRE 


CRC became the program manager and scientif- 
ic authority for five contracts awarded by the 
Canadian Space Agency to the following prime 
contractors, plus many other Canadian firms as 
sub-contractor: 


» Spar Aerospace ($21,232,000); 

» Com Dev ($12,214,000); 

BD CAL Technologies ($2,700,000); 

D Telesat Canada ($10,367,000); and 
> Nortel ($16,400,000). 


In addition to managing the program, CRC 
received $1.2 M to conduct systems studies. The 
program is aimed at producing profitable returns 
on the joint government-industry investments in 
R&D for the next generation of multi-media 
satellites. One partner, COM DEY, estimates the 
combined value of demand for the kinds of 
products it will be developing under the 
Advanced Satcom Program could exceed $2.2 
billion over the next 10 years. 


Seensncccccceecneccccecccecccseececcsecccesscucccsseccseccececcscccccocusouscescsscccceucucssssucsoscees 


CRC has been awarded a $175,000 contract by 
the European Space Agency (ESA) to. define a 
testbed for testing broadband, multimedia satellite 
applications and technologies. Called BESTLAB 
(Broadband ESA Satellite Testbed Laboratory), the 
plan will define a multi-node distributed 
broadband satellite communication laboratory to 
test and demonstrate new services as well as 
advanced space and ground technologies. 


The contract complements current work being 
carried out by CRC's Broadband Applications and 
Demonstration Laboratory (BADLAB), © the 
Distributed Broadband Wireless Testbed, and its 
Satellite Communications Testbed. 


CRC continued to support the Virtual Classroom 
tele-education project with demonstrations with 
students in Ottawa and Basel, Switzerland. More 
than a dozen important events took place, 
including the CANARIE AGM, NICE Global 360, 
the KaBand Conference in Sorrento, and HDTV 
telemedicine conference with Japan. In 1998 
BADLAB will become a node in CA*net 2 (3). This 
program is supported technically by the Satellite 
Communications Applications Program (SCAP). 


ee cecceccscveccectencesecccccccccccucevccouscccececuscecccccecucscccoucesesesecesscuccocssseccesecuceues 


ee ccccccccecccccesccceseucecccuscucccsceccsceussccceccccececescucucccccucsocccescecoseosencccessseeccecs 


CRC continued to carry out research in support 
of National Defence’s R&D Branch in the areas of 
terrestrial communications, satellite communica- 
tions and networking technologies: 


B an advanced networking technology providing 
seamless interoperability between satellite, VHF, 
HF, and wireline circuits was demonstrated in a 
major international trial, Joint Warrior Inter- 
operability Demonstration (JWID); 

a prototype HF modem incorporating the new 

NATO standard for high data rate communica- 

tions was developed; 

D analysis, modelling and simulation of the Army's 
next generation battlefield communications 
systems provided critical information for perfor- 
mance evaluation; 


eb encccccccccccscccecescteecceccusccecccescuctsccecsccccccucecuceccseccccccceccuncceccusccssecencuessces 


CRC supported Digital Radio Research 
Incorporated as a member of the executive 
offering expert advice for implementing digital 
radio broadcasting (DRB). CRC is the custodian of 
the Ottawa DRB site. 


R&D Activities 


bd CRC developed an_ inter-soldier wireless 
personal communications system that provides 
integrated three-dimensional, directional sound 
and graphical display of soldier positions. 

CRC collaborated with INRS of the University of 
Quebec and IMAX Corporation on Stereoscopic 
(3D) video for 3D Movie Theatres, resulting in a 
three-year NSERC strategic grant to examine 
the human perceptual, coding and compression 
aspects of 3D television. A post-doctoral fellow is 
working at CRC on this project 


Previous joint work with the Tokyo University of 
Mercantile Marine on the perceptual aspects of 
3D video has resulted in a research grant being 
awarded to CRC’s Dr. James Tam by the Hoso 
Bunka Foundation in Japan. The grant is for 
research in establishing the basis for stereoscopic 
television broadcasting 

Taking advantage of the flexibility and technical 
capabilities of emerging Radio Broadcast Systems 
in Canada, a datacasting demonstration system 
to provide broadband data communication 
including internet access to mobile users was 
successfully developed in collaboration with 
interested broadcasters and data service industries. 
A new version of the CRC-COV was designed. 
The radio prediction computer program 
continues to generate revenues for CRC with 
licensees in Canada and abroad 

The Communications Security Establishment 
contracted CRC to produce dielectric resonator 
antenna arrays in different frequency bands. 

An LMCS project with Unique Systems involved 
Packaging previously developed chips into a 
transmitter module. Work with Nortel continued 
in LMCS research 

CRC was awarded a contract from COMSAT RSI 
to provide a prototype satellite tracking system 


for use with their WorldSpace radio broadcast 
antenna. 


- 


A new testbed for satellite communications 
Modem testing was delivered to INMARSAT and 
Is expected to be useful for Real-Time DSP-based 
modem development. 


A collaborative research Project with Industry 
Canada’s Spectrum Engineering Branch will 


develop a second-generation Digital Analysis 
System for the Integrated Spectrum Observation 
Centre. 


CRC Is undertaking work for Industry Canada on 
spectrum research projects ($750,000) in 
broadcasting, terrestrial, space, propagation and 
electromagnetic environments. 

Work continued on the application of iterative 
processing for capacity enhancement of mobile 
satellite systems under the CSA-funded 
International Mobile Satellite Communications 
Program. Hyper-codes are a new class of codes 
developed at CRC to improve the efficiency and 
reliability of wireless communication. The codes 
have been incorporated into an HF modem 

CRC is collaborating with TRLabs to develop 
high-speed optoelectronic devices incorporating 
both multi-quantum wells and quarter wave 
Bragg reflectors. 

Collaborative research with JDS Fitel is developing 
new fibre Bragg gratings for dispersion compen- 
sation and the development of phase masks. 
CRC is cooperating with Nortel Networks and the 
National Research Council to develop prototype 
Wavelength Division Multiplex (WDM) add-drop 
network access modules for four optical 
channels at 2.48 GB/s, which can be used as 
access nodes on a regional optical network 

CRC is presently developing WDM_ router 
technology. High-speed spatial switches and 
wavelength converters are under development 
through a Communications and Information 
Technology Ontario Industrial Fellowship and 
Queen's University. The technology development 
is a joint activity between the University of 
Waterloo, Ecole Polytechnique, McMaster 
University and CRC and is partially supported 
through an NSERC grant 

CRC has been developing low-cost access 
technologies for the "“last-mile” distribution of 
interactive high band-width services to business 
and homes using ion exchanged glass 
components such as 32x32 star couplers and 4 
and 8 channel arrayed waveguide demultiplexers. 
This activity is partially supported by National 
Defence. 

Ka-band suitcase terminal development continues 
and demonstrations at Sorrento, Italy and Fort 
Drum, New York were successful 


Collaborative Agreements 


Collaborative agreements with Carleton University 
on MMIC and LMCS research continued. CRC 
collaborates with Teleglobe Canada in the analysis 
of NASA's ACTS earth space propagation studies 
Agreements were also signed with Qdesign 
Corporation for MPEG compression research and 
with Vistar for satellite communications coding 
technology. CRC works with the Canadian Institute 
for Telecommunications Research (CITR) on EHF 
broadband research and radio propagation testing 
for LMCS applications in conjunction with 
Spectrum Engineering's requirements. 


Internationally, CRC collaborated with Korea's 
Electronics Telecommunications Research Institute 
(ETRI) for LMCS research and with Taiwan's 
Chunghwa Telecom for advanced television 
transmission studies 


Contracting In and Revenue Generation 


Each year CRC engages in a number of contracts 
and collaborative agreements to provide research 
services to a wider variety of clients. There were 
101 new contracting-in agreements (contracts and 
purchase orders), 109 new IP agreements (licences, 
non-disclosures, MOAs, MOUs), and 17 new patent 
applications and six patents issued 


The IP portfolio consists of 201 active patents 
covering 79 inventions. CRC inventors were 
awarded $89,000 (based on revenue earned in 
1996-97) this year, a sum representing 15% of the 
revenues received for their licences. Based on 
fevenues earned in 1997-98, the sum will more 
than triple next year. 


There were 309 active IP agreements this year, with 
26 technologies raising IP revenue*. Of the $1.28 
million IP revenue in 1997-98, $1,056,000 was 
from licence fees and $224,000 was from royalties. 
Of the total revenue, $672,000 came from six new 
sub licencees of the joint CRC/United Technologies 
Corporation (UTC) patents, reflecting the continu- 
ing success of the cross-licensing agreements. The 
joint CRC/UTC patents for fibre grating technolog- 
ies earned $811,000. Other significant revenue- 
generating technologies were: 


» CRC-COV software $104,000; 


» high-speed data rate modem, $93,000; and 
» burst demodulator, $85,000; 


New agreements accounted for the remainder of IP 
revenues. 


“IP revenue earned in a given fiscal year is received the following year. 


CRC Innovation Centre 


CRC supports Industry Canada’s commitment to 
build an innovative economy through assistance to 
small and medium-sized enterprises. CRC’s 
Innovation Centre offers special opportunities to 
start-up companies interested in accessing its 
technologies, R&D expertise and unique facilities 
and testbeds. Automatic membership in CATA and 
OCRI are offered, as well as access to an IRAP 
representative. The following companies were 
clients in 1997-98. 

e Adaptive Antenna 

* Callisto 

* Gandec 

 InfoMagnetics Technologies 

° MeetingSoft 

¢ Skywave Mobile 

* Square Peg 

¢ Trican 

¢ WIC Connexus 


WIC Connexus brought 18 employees aboard this 
year when it decided to explore LMCS research on 
site. With a full house of resident companies, CRC 
is planning to expand its facilities by the year 2000 
Plans were under way to construct a new building 
at the front of CRC’s campus to house Industry 
Canada’s Certification and Engineering Bureau and 
expanded CRC's Innovation Centre office space. 
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Revenues ($000s) 


Industry Canada 

Long Term Space Plan 
Department of National Defence 
Spectrum Research 
Contracting-In. 

Intellectual Property 

Tenant Services 


Support Services 


Total: 


Expenses (97-98): ($000s) 


Communications Components 
Satellite Communications 
Radio Communications 
Radio Science 
Communications Network 
Broadcast Systems 

Long Term Space Plan 

Tenant & Support Services 
CITI Obligations 


Other: — Research Services 
Site Services 


Administration 


$34,740.8 
15,940.7 
5,868.0 
757.0 
1,081.2 
7925 
2127.3) 


987.9 


2 295. 4 


$4,575.3 
5,012.8 
2313.4 
2,053.2 
3,209.3 
3,475.3 


15,940.7 


Total: 


18,800.2 


$62,295.4 
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Chairman's Message 


As Chairman of the Board, | am proud to present 
highlights of the Communications Research 
Centre's 1996-97 activities. 


This was a transitional year for CRC, with Jacques 
Lyrette’s departure as President in early 1996, 
followed by an intense eight-month search that 
culminated in the hiring of Gerry Turcotte as new 
President. We are extremely pleased to have 
Gerry join us under a five-year executive 


interchange program. 


Gerry left the helm of the Ottawa Carleton 


Research Institute where he successfully 
developed a two-person office with an innovative 
R&D partnership concept into an organization with 
230 members, 14 full-time employees and annual 
revenues of almost $4 million. His entrepreneurial 
drive, team building talents and vision of the future 
of communications are helping prepare CRC, as 
Industry Canada’s communications R&D institute, 
to meet the demanding challenges of the coming 


century. 


CRC has achieved notable success in its R&D and 
technology transfer programs. | point out three 
examples among many which show the depth and 
scale of CRC’s innovation capacity. The multimedia 
broadband suitcase terminal developed by CRC 
engineers for civilian and military environments, is 
testimony to our expertise and leadership in 
advanced Ka-band satcom applications. Our fibre 
gratings licences and the sale of the CRC-COV radio 
prediction software are beginning to earn significant 
revenues. 


| congratulate all CRC innovators who contribute to 
CRC’s success and the employees who support 
them. 


ae 


Bill Dunbar 


As the newly appointed president of this outstand- 
ing R&D institute of Industry Canada, | was eager 
to join Bill Dunbar and CRC’s Board of Directors in 
laying out a strategic direction and a management 
framework for CRC at this most critical time for 
Canada’s communications industries. 


Budget restraints and the need to realign our 
organization to meet an exploding market in 
wireless communications are the current 
challenges CRC is confronting. After extensive 
consultation about the R&D outlook at CRC, we 
have committed to a new vision and mission 
which we believe will effectively guide CRC into 


the 21st century. 


Our Vision is: National leadership in collaborative 
research and development in innovative communi- 
cations, broadcasting and information technolo- 
gies for a strong Canadian knowledge-based 
economy. 


CRC's Mission is: 
To be the federal government's centre of 
excellence for R&D, 
ensuring an independent source of advice 


communications 


for public policy purposes. 


To help identify and close the innovation 
gaps in Canada’s communications sector by: 


® engaging in industry partnerships; 
¢ building technical intelligence; 


¢ supporting small and medium-sized 
high technology enterprises. 


We are meeting these challenges together, 
helping to build a strong Canadian economy 
through R&D support to Canada’s communica- 
tions industries. 


DK 


Gerry Turcotte 


broughout the 1996-97 fiscal year, CRC 
recorded significant achievements which 
further its mission to close the innovation 
gaps in Canada’s communications industry, 
and which contribute to maintaining 
Canada's preeminence in telecommunications R&D. 
In this brief space, only a few examples are offered. 


Collaboration, partnerships, alliances, cross-licensing 
agreements — these mechanisms, among others, 
represent CRC’s emphasis on increasing the flow of 
industrially relevant R&D to Canada’s communica- 
tions sector, with the aim of creating more jobs and 
economic growth for Canadians 


Domestically, CRC has teamed up with private 
industry and other government organizations on 
Projects with industrial promise. For example, 
advanced algorithms developed by CRC for its work 
on adaptive ("smart") antenna receiving techniques 
has been used by SED Systems Inc. to produce a 
Programmable HF adaptive antenna receiving 
system in a collaborative project sponsored by the 
Canadian Navy. It is now being marketed for use in 
naval and air-to-ground communications systems. 


Another way in which CRC's technical leadership 
benefits Canadian industry is in managing, on behalf 
of the Canadian Space Agency, the satellite 
communications portion of Canada’s Long Term 
Space Plan (LTSP) 


In managing this program, valued at over $22M in FY 
96/97, CRC worked closely with industry in forecast- 
ing the evolution of satellite systems and technolo- 
gies. CRC provides valued scientific guidance for 
various technology development contracts funded 
under the LTSP. 


A major client for CRC continues to be Industry 
Canada's Spectrum, Information Technologies 
and Telecommunications Sector (SITT). In addition 
to providing technical support and contributions to a 
number of national and international standards 
committees, each year CRC performs specific in- 
house R&D tasks fanging from radiated emission 


HIGHLIGHTS 


measurements for cellular telephones to developing 
automated techniques for spectrum Monitoring 


In optoelectronics, CRC, the National Research 
Council and Nortel are working jointly to develop an 
eight-channel wavelength-division-multiplexing 
transmitter/receiver unit for use in network 
systems experiments. These techniques are critical 
in developing the high capacity networks of the 
future. 


In collaboration with IMAX Corporation and the 
University of Quebec, CRC is taking stereoscopic 
television (3D-TV) from a mere curjosity to market 
reality. This project is supported by a three-year 
strategic NSERC grant which also pays for a Post- 
Doctoral Fellow position at CRC 


From the workplace to home, preparing for the next 
generation of home entertainment technology, CRC 
joined with NHK Laboratory (Japan) and Heinrich 
Hertz Institute (Germany) to establish the suitability 
of the multiview profile of the IS MPEG-2 standard 
for 3D-TV through subjective evaluation tests. 


Internationally, CRC engages with many countries in 
productive R&D ventures with industry, university 
and government labs to enhance the global position- 
ing of Canada's communications industry. These 
communications R&D projects have implications 
that will affect people in the workplace as well as at 
home 


CRC's BADLAB (Broadband Applications and 
Demonstration Laboratory) is a prime example 
Among its collaborative efforts is an arrangement 
with the European Community (represented by ten 
European organizations) to demonstrate the 
potential of teleco-operative, computer-support- 
ed work of national and international teams using 
distributed resources via high-speed networks. The 
design and modelling of aircraft parts was chosen as 
a representative high-technology environment for 
demonstration over broadband networks 


CRC signed a collaborative agreement with Korea's 
Electronics and Telecommunications Research 
Institute for R&D on microwave circuit integra- 
tion technologies and techniques for EHF 
communications systems. This exchange will 
provide participation opportunities for Canadian 
companies in the semiconductor business. 


CRC has collaborated on various innovative telemedi- 
cine demonstrations with the University of Ottawa 
Heart Institute and CIFRA Medical using satellite and 
broadband communications. 


Each year CRC engages in a number of contracts to 
provide research services to a wider variety of 
clients. For example, CRC completed research for 
the Canadian company Square Peg, undertaking 
communications signal design for mobile satellite 
multimedia services for the European Space 
Agency. Through simulation, CRC demonstrated the 
feasibility of multiplexed video and audio over a band- 
limited mobile satellite channel. 


Also completed this past year, was a study of the 
telative merits of implementing Digital Radio 
Broadcasting by satellite at L-band versus S-band 
This study was done at the request of the 
Consumer Electronics Manufacturer Association, 
a sector of the Electronic Industries Association of 
the USA, and formed the basis of their presentation 
to the US Federal Communications Commission 
CRC also conducted this study so that implementa- 
tion of DRB services in Canada and USA will 
harmonize at L-band. 


The combined |P/contracting-in revenues for 1996- 
97 were $1.6M with IP agreements generating 
$702,000 and contracting-in agreements generating 
$973,000. There were 194 active patents on 75 
inventions and 275 active agreements including 23 
new licences this year. Of these 46 earned revenue 


from royalties or licences. Among the significant 
activities this past year was the $41,000 of IP 
revenues generated by the 12 licenses granted to 
Canadian firms and government departments for 
CRC-COV version 4 software. CRC-COV is a 
broadcast coverage, synthesis and prediction 
software useful in designing DRB transmitter 
networks. 


CRC's original venture into cross-licensing as a 
means of increasing the utility and marketability of 
patents, has continued to generate significant 
revenue. Its portfolio of Bragg fibre gratings patents 
jointly held with United Technologies Corporation 
earned more than $500,000 over the last year. In 
addition to providing protection from patent infringe- 
ment, cross-licensing can provide Canadian 
companies with access to off-shore technologies 
and new overseas markets. 


Our newest venture into cross-licensing will protect 
a joint portfolio of patents for fused biconical taper 
optical coupling technology. This agreement with 
Toshiba covers 19 patents held by CRC for seven 
inventions and seven Toshiba patents for two 
inventions. 


Through the National Research Council's Industri- 
al Research Assistance Program (IRAP), CRC has 
Promoted and assisted such a significant number of 
projects in telecommunications — 70 in the last year 
alone — that a fulltime IRAP industrial technical 
advisor has been assigned to CRC. This is the first 
time that an IRAP officer has been attached to a 
government lab outside NRC 


CRC's Innovation Centre continues to successfully 
support start-up companies. In 1996-97, Innovation 
Centre clients were: Adaptive Antenna, Callisto, 
Gandec, Greenlight, InfoMagnetics Technologies, 
and Square Peg, Twice that number will be served in 
1997 and planning for a major expansion has begun 
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Industry Canada 


Sector 


Tenant & Support Services 
Government 
USP. 


Research 
MSAT 
CITI Obligations 


Tenant & —————_ 
Support Services 


UuTsP 


Research Support 


Communications 
Rosearch Centro 
Contre de recherches 
sur les communications 
——————— 


Revenues ($000s) 
Industry Canada $35,351.6* 
MSAT 3,600.0 
LTSP 9,929.7 
Government 6,100.0 
Private Sector 2,639.8 
Tenant & Support Services 3,858.4 
Total: $61,479.5 
Expenses ($000s) 
Research $22,833.0 
MSAT 3,600.0 
LTSP 9,929.7 


Research Support 


Tenant & Support Services 


CITI Obligations 


Total: $61,479.5 


* Includes 3.5M for CITI budget and Departure Costs. 
** LISP: Long Term Space Plan 
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Brian Penney* 
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President 

Canadian Institute for 
Telecommunications Research (CITR) 


Glenn Rainbird 
President and CEO oe 
TRLabs 


Linda Rankin 
Executive Vice-President & GM 
WETV 


Claudine Simson* 

Assistant Vice-President 
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Bill Stanley 
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André Tremblay" 
President and CEO 
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Gerry Turcotte 
President 
Communications Research Centre 
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For further information: 
Communications Research Centre 


P.O. Box 11490, Station H \ 


Ottawa, ON Canada K2H 8S2 I 
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~ General Inquiries: (613) 991-3313 A 
Web Site: www.cre.doc.ca 
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